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FOREWORD 


Tum view has often been expressed that the Symposium on Varnish 
Making, held by the Oil and Colour Chemists’ Association at Harrogate 
in 1939, marked a milestone on the road to a better knowledge of the 
manufacture of varnishes and varnish media. It is well, therefore, that 
some consideration should be given to lessons learned at that Conference. 
Outstanding amongst these, perhaps, was that apparent gap in our 
knowledge of the manner in which the chemical and physical aspects 
of the subject could be more strictly and more accurately correlated. 
What was evident was that such correlation must be based in the first 
instance upon a sound knowledge of both the chemical and physical 
properties of the constituent materials. 

Thus we see how necessary it is that we should acquire as complete 
a knowledge as possible of the raw materials with which we have to deal. 
It is only by doing so and by learning the correct methods to adopt in 
their employment that such materials can be utilised to their greatest 
advantage. 

The advance in our knowledge of the fundamental nature of polymer- 
isation and resinification and the growth of the chemical industry, 
whereby new chemicals have become commercially available, have con- 
tributed not only to an increase in the production of new materials in 
recent years but to a marked improvement in those now long established. 

For some years now the trend has been such that the manufacture 
of the raw materials for varnish making has become more and more 
specialised, and there has been a resultant tendency towards that 
divergence in knowledge which specialisation is hable to promote. True 
progress, however, can only be achieved if the technical skill of the varnish 
maker is closely associated with the researches and. developments of the 
raw material manufacturers. For this reason it is indeed necessary that 
the "echnologists working in the different fields should co-ordinate their 
efforts towards the common end. 

To do this it follows that those engaged in the manufacture and de- 
velopment of raw materials should themselves know something of the 
purpose for which they are intended. But it means more than that 
because, as a natural consequence of specialisation, it is evident that’ 
what the varnish chemist or technologist has been pleased to regard as 
his raw material is to-day a finished product of manufacture in which 
both skill and knowledge have already been applied. 

This is something we should do well to appreciate. We should also 
recognise its implications for, in so far as the chemical and physical 
characteristics of a given varnish are predetermined in a large measure 
by t&e chemical and physical properties of the basic constituent materials, 
it is evident that the manufacture of these raw materials is itself playing 
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an ever more important part in the progressive development of the 
varnish and paint industry and its allied trades. In other words, i reality 
varnish making to-day commences at a still earlier stage, and a detailed 
study of the basic constituent materials becomes a definite pre-requisite 
of successful achievement. 

This review by Dr. Chatfield of the present position in regard to the 
various raw materials used for varnish making and surface coatings will 
therefore earn him the gratitude of many technologists im the industry. 
In its compilation the author has made a valuable and exhaustive digest 
of the more important published information, and has welded it into a 
form which presents a clear picture of the developments which have been 
taking place throughout the whole field. To achieve this within the 
confines of a» single volume can have been no easy task, and certain short- 
comings would seem to have been inevitable. To meet this diffculty, 
however, the author has given numerous references and any such omissions 
as may exist cannot detract from its main value. 

This is at once a book for the student seeking knowledge of the 
subject, for the practical man requiring technical information whieh 
is not too fundamental in character, and for the more advanced. tech- 
nologist or chemist who by means of the ample references given has at 
his disposal a great deal of detailed information against the necessary 
fundamental background. Dr. Chatfield is to be congratulated upon 
the results of à very painstaking work. 


W. ESMOND WORNUM. 
THITENHALL, 
STAFFS. 
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PREFACE TO THE SECOND EDITION 


À SECOND edition has enabled me to add technical information on a 
number of new subjects, and to elaborate, correct, and adjust some of 
the existing ones. 

It would have been easier to reprint a corrected first edition, but the 
response and kindness with which iny modest volume was received, 
encouraged me to expand it very early in its life. I hope thereby to 
inerease its utility. 

Development to-day is moving at such a rapid pace, that with the 
printing and binding trades hopelessly overburdened. with work, a volume 
on a technical subject is, unfortunately, a little out of date on publication. 
In this unavoidable deficiency I beg for an allowance to be made by my 
readers. Nevertheless definite trends in the industry can now be de- 
tected, which, previously were partly eclipsed by essential war influcnces. 

The chapter on “ Varnish Oils” has been considerably enlarged, 
and, this is chiefly because of the inclusion of information on the new 
Processed and Synthetic Drying Oils, some of which, by reason of obvious 
merit, have apparently come to stay. The search for substitutes for the 
old and well-tried drying oils has also brought to light many new, useful 
natural oils, some possessing very interesting properties. Vegetable oils 
like grapeseed oil, hardly of recognised value before 1939, have been used 
successfully for the past few years in Continental varnishes. Tall oil 
has also received considerable attention in America, Germany, and. 
elsewhere, in an effort to eke out low stocks of bonafide vegetable oils. 

The sections on rosin, turpentine, and. shellac have been revised, and 
in this revision the assistance of W. Garvie, Esq., is gratefully acknow- 
ledged. 

Hydrogenated and polymerised. rosins are increasing in favour, and 
more information is now available. De-hydrogenated rosin is another 
new-comer to the field. Recently developed products which promise to 
become valuable alternatives to the wellestablished rosin esters, are 
those derived from polymerised rosin with glycerol, pentaerythritol, 
and other polyalcohols. 

Zein, an alcohol-soluble protein, has found for itself a permanent 
place among the relatively few spirit varnish resin constituents of natural 
origin. Substantial quantities are already being used in lacquers in the 
Western hemisphere. 

Among the newer synthetic resins, those based on cashew nutshell 
liquid have firmly established themselves on both sides of the Atlantic 
and jnformation on them is now included. Other synthetic resins which 
are attracting interest are the polyamides, and those containing silicon. 
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The tables of constants of proprietary brands of synthetic resins have 
been enlarged very considerably, and include most British and many 
American. products. 7 

Among the solvents rationalisation of the many petroleum fractions 
has occurred, and full information has been published on a very useful 
range of special boiling-poimt spirits (3.B.P.S.). The nitroparaffins now 
available commercially are interesting by reason of their exceptional 
solvent power for certain types of synthetic resins. 

Chlorinated paraffin waxes have joined the chlorinated naphthalenes 
as varnish constituents with special applications. : 


H. W. CHATFIELD. 


CroYDoN, October, 1946., 


AUTHOR'S PREFACE 


Dering the past twenty years, varnish making has developed in an 
astounding manner. Considerable research has been undertaken by raw 
material suppliers and others, and the varnish maker has been presented 
with an extensive array of valuable raw materials, which have not, as 
yet, been developed to full advantage. 

Tt is a formidable task to keep abreast of all published information, 
but the temporary reduction of progressive research work, consequent 
upon war conditions, affords an opportune time at which to take stock. 

This volume is a modest attempt to review the more important 
developments of recent years, and to blend these into a composite whole 
with all that is of value from the remoter pasb. 

I have long felt the need, personally, for collected information. 
Varnish making is of such importance to-day, that it merits, unquestion- 
ably, special consideration. The wide expansion in scope, of varnishes, 
with the raw materials involved, has caused the consumer to consult 
many different sources for information. I have endeavoured to provide 
this information as concisely as possible in one volume. 

Generally, theories and hypotheses have been excluded. Aspects of 
the subject which are primarily academic, such as the mechanism of the 
drying process, the precise mechanism of resin formation, or evidence 
providing information on chemical constitution have not been expounded 
in detail. lor those who wish to pursue these subjects further, the 
foundations of study are available in the references given. 

It is my firm conviction that the more knowledge a varnish tech- 
nologist accumulates about the manufacturing details and properties of 
the available raw materials, the easier the elucidation of.a particular 
formulation problem, and the greater the chances of the correct prediction 
of the cause of a defect. 

The subject-matter has been designed to be of use to a wide circle of 
people in the Varnish Making and Allied Trades. In addition to the 
technologist, it is my profound hope that both student and manager 
will discover much of value also. 

I have presumed to dogmatise and criticise as little as possible, but 
rather to present the intelligent reader with most of the evidence, from 
which his own conclusions may be drawn. 

In the compilation of this work I have received encouragement and. 
assistance from many friends in the industry. It is, therefore, my 
bounden duty to place on record my deep appreciation and thanks for 
generous assistance so readily given. 

In this connection, I should like to express my thanks to Esmond 
Wornüm, Esq., M.C., B.Sc., A.R.C.S., F.L.C., for doing me the honour of : 


1x 


Varnish Constituents 


writing a Foreword, and to the following gentlemen for their criticism and 
advice :— - 

C. W. A. Mundy, Esq., A.I.C., of Younghusband, Barnes & Co. Ltd., 
on “ Varnish Oils,” “ Monoglycerides " and “ Antioxidants.” 

J. D. Morgan, Esq., B.8c., of British Resin Products Ltd., on “ Phenol 
Formaldehyde, Urea Formaldehyde, Polystyrene and Coumarone Resins,” 

B. Dudley Sulley, Esq., B.Sc., A.R.O.S., F.LC., of A. Boake Roberts 
& Co. Ltd., on * Vinyl, Maleic, and Acrylic Resins.” 

A. J. Gibson, Esq, F.C.H., F.L.S., formerly of the London Shellac 
Research Bureau, on *' Shellac,” 


And to :— 

C. H. Birkitt, Esq., B.Sc., A.LC., E..R.L, of Rubber Control, Ministry 
of Supply, and R. C. Moakes, Esq., B.Sc., of the Research Association 
of British Rubber Manufacturers, on “ Rubber.” 

My thanks are also due to L. A. Hughes, Esq., Ph.D., A.R.C.S., and 
H. F. Day, Esq, ARCS., B.Sc., of Jenson & Nicholson Ltd., for 
checking tables and reading proofs, respectively, and to the British 
Standards Institution for permission to include extracts from specifications. 

I also appreciate greatly the assistance afforded me by Rew Material 
and Plant Suppliers in providing photographs and diagrams, and British 
Resin Products Ltd., Kestner Evaporator & Engineering Co. Ltd., W. J. 
Fraser & Co. Ltd., Shell Mex & B.P. Ltd., Watts Ltd., and Aluminium 
Plant & Vessel Co. have kindly co- -operated i in this way. 

Finally, I am indebted to Miss O. Warren who undertook the task of 
preparing the typescript from a difficult manuscript, and for her assistance 
in the compilation of the indices, 

H. W. CHATFIELD. 


WADDON, 
Suznmv, May 1943. 
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CHAPTER 1 
VARNISH OILS 


ScAnOrTY of tung oil has proved a great incentive to the investigation 
for substitutes, and while only one complete substitute has been dis- 
covered, oils new to the trade, with valuable properties, have been un- 
earthed. It should be recorded, however, that Trienol, the substitute 
in question, has never been available in commercial quantities. Irregu- 
larity of supplies of tung oil even in peace-time, lately aggravated by the 
Chinese “incident " and the World War, and its high price, have done 
much to precipitate periodic scrambles for substitutes. In Germany the 
scarcity of vegetable oils generally, has stimulated efforts to reformulate 
protective coatings with a minimum content of vegetable oil or with 
synthetic substitutes. 

China, at times practically isolated during the upheavals of war, 
has been foreed to consume a substantial part of her tung oil crop for 
her own vital needs. It is reported that at least half of her tung oil is 
cracked to yicld motor spirit, diesel oil and lubricants, and that projects 
are afoot to use it as a basis for the production of synthetic rubber.147 
It will be interesting to see whether these war-time expedients are con- 
sidered. economic propositions in peace. If so, then some of the changes 
in products which have been forced on the varnish trade of the world 
in the past few years may become permanent, and the trend of varnish 
formulation may swerve violently in directions other than along the 
course into which tung oil has influenced it in the past. It is heart- 
breaking for technologists to watch tung oil, valued at several hundred 
pounds per ton, cracked for fuel | 

In spite of disturbing influences, linseed oil, by reason of its abundance, 
and the careful organisation of its distribution, remains the most popular 
varnish oil. Moreover, it is difficult to visualise any great diminution 
of its importance in the immediate future, for even assuming a markedly 
increased interest in alkyd varnishes to the detriment of the natural 
gum products, it is logical to anticipate that linseed oil, directly, or 
indirectly through its derivatives, the fatty acids or monoglycerides, 
or as the basis of new synthetic oils, will still maintain the pride of place 
which it has held for centuries. : 


LINSEED Οτι, 


Source.—Linseed oil is derived from. the flax plant, Linwm, usiiatissi- 
mum, which is grown in the Argentine, the United States of America, 
Russia, India, Canada, Belgium and Germany. It has been grown also 
in New Zealand, China, Irak, Yugoslavia, around the Danube, and in 


Specful Note.—Yho physical. constants of the oils are ‘included i in a the table. at the 
end of this chapter. : T | 
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Kenya. The most important sources of supply are the first four named, 
Tt is interesting to note also that the production of flax is increasing in, 
the United Kingdom. The yield of oil 1s sub-normal because the seed: 
is harvested green, but it has been predicted that the production may 
become important. 

Compostiion—The approximate percentage composition of its tatty 
acids is : Μπ 

Per cont. 


Saturated arida . . . - . < ο 
Oleic acid . . . . . . . . 4-8-1868 
Linoleie acid. . . . . . s , 832-023 
Linolenie weid . . . . . . . 242-502 


The oil is obtained from the seed chiefly by pressing, but sometimes 
by solvent extraction. 


Raw Linseed Oil 


Raw linseed oil is not used to auy appreciable extent in the manu- 
facture of varnishes. It is the crude product expressed from the seed 
and usually without much subsequent treatment. It is used only in 
processes where the presence of traces of water or mucilaginous matter 
are unimportant, e.g. in the preparation of paints, putty, and metallie 
soaps by hydrolysis and. precipitation., When the mucilaginous matter, 
“spawn” “ break,” or “foots,” which is believed to consist of carbo- 
hydrates, albuminous material, and phosphatides, is removed, the resultant 
oil is the refined oil of the varnish trade. 

The colour of the expressed or extracted oil increases in intensity 
with the temperature of these operations. 


Refined Linseed Oi 


Raw oil is refined either by tanking for long periods, or by acid or 
alkali treatment. Raw oil “ breaks” on heating to 260° C. or higher, 
a process which may he facilitated by the presence of traces of water or 
glycerol. Some varnish makers buy a good grade of ‘raw oil, subject it 
to this heat treatment, filter off the precipitated “ break” and use the 
refined oil for the production of varnishes or stand oil. 

The separation of ‘ break’ during subsequent treatment of linseed 
oil can be prevented ? if the raw oil is heated with about 20 per cent. of 
polymerised oil at 80?—120? O. for sixty to ninety minutes. "he poly- 
merised oil may be heated castor oil, linseed stand oil, soya bean stand 
oil or tung oil stand oil. Alternatively, the same object may be achieved, 
according to Mundy, by increasing the acidity of the raw oil. The amount 
of “ break "' obtained from raw oil varies from 0-17 to 0-23 per cent3 

The colour of the natural oil can be improved by heating or mixing 
with decolorising earths like fuller’s earth (up to 1 per cent.), or heating 
with anhydrous absorbent magnesium silieate.?? Oils can, of course, 
be bleached by exposute to sunlight, but in these days of ingreasing 
bustle, this method is hardly a commercial proposition. 
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Oils containing carotenoid pigments can be bleached by hypophos- 
phorous acid (0:02-0-10 per cent.), or its monobasic salts. A temperature 
of 220°-255° C, is used and the operation is preferably conducted under 
vacumm.*! ‘Treatment of vegetable and animal oils with an alkylolamine, 
followed by removal of the compound formed by washing with alkali, and 
then with water, provides oils which are freed simultaneously, from both 
colouring matter and free fatty acids. Other bleaching agents include 
hydrogen peroxide (0-3-1'5 per cent.), and sodium nitrite (0-4-2-0 per 
cent.) Treatment with alcoholic alkali has been suggested as means of 
reducing acidity but the effect on colour of this treatment is not recorded 795 

Sometimes, in filtering oils with the use of filter aids of diatomaceous 
silica, types, darkening is caused by contact with the filter aid. This 
darkening, according to recent patent, is prevented if a trace of citric 
acid is added during filtration. 

Long storage trials, lasting up to one year, conducted in India, on 
various vegetable oils in different containers, indicated that deterioration 
occurred most in metal containers (tinned and ordinary steel), and least 
in glass. There was a most noticeable increase in viscosity of the oils 
in the steel containers, and this varied according to the tendency of the 
oil under test, to oxidise. Peroxide values were also determined, and . 
these increased during the early months of storage and then decreased. 
The oils examined were linseed, ground nut, and cottonseed, and it is 
reasonable to assume that the extent of the deterioration under the 
hot Indian conditions would be reduced in more temperate climes. 


Boiled Linseed Oils 


These are made by blowing the oil at 90^-150^ C. in the presence of 
soluble lead and manganese salts. Some types such as pale boiled oils 
are blown in the absence of driers. Boiled oils vary in gravity (0:940-- 
0-050), depending upon the extent to which they have been treated. 
They are rarely used in varnish manufacture. Their chief uses are in 
the manufacture of asphaltum finishes, in paints, and in special finishes 
for cotton fabric and silk. 


Stand Oils 


Preparalion.—Stand. oil is à. heat: polymerised linseed oil where little 
or no simultaneous oxidation has been allowed to occur. Refined oils 
only are used for such treatment, since upon heating raw oil, deposition 
of “ break” takes place. This may decompose or char at the bottom of 
the boiling vessel, causing discoloration and a risk of fire. A satisfactory 
refined oil suitable for stand oil production should show no. signs of 
“ break ” on heating to 300° C., and should bleach quite appreciably in 
the process. 

Stand oils may be made at any temperature between 250°. and 
310° C, « Below 250? C. the rate of polymerisation is slow and: the pro- 
cedure is. uneconomical, and above 310° C unless the duration οἳ heating 
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at this temperature is reduced considerably, destructive decomposition 
becomes apparent. The rate of polymerisation over the range 9605-. 
310° C. is such that strict laboratory control is possible. With a care- 


TEMPERATURE OF POLYMERISATION, 250° C1 




















ntn Acid RI at 68° T „5p. Gr. Viscosity Reduction 
(Hours). Value. wet Ut 20? C./15, at 20? C, eer 
0 1.01 — 0-9290 «10 — 
22 2:10 -- — 2-0 — 
43 2-61 — — 15-6 12 
50 2-80 --- 0-9626 26-9 17 
64 3-00 ~ 0-9606 118-5 31 
70:6 3:30 — 0.9711 870-0 41 
+73 3-48 -- — — 64 
TEMPERATURE OF POLYMERISATION, 290° C 
1 1.94 1-4820 — 115 — 
2 2-07 14832 0-9363 1:55 -- 
4. 247 1-4853 00446 3-8 0:5 
6 2:98 1-4871 0-0524 9.0 7:0 
8 3443 1-4898 0:9600 23-0 1445 
9 3-50 14903 — 44-0 18-0 
10 S894 , 14912 0:9060 82-0 22.5 
11 4-39 1:4921 — 153-0 28:5 
11-5 4-75 1:4923 0-9696 196-0 41.0 
TEMPERATURE OP POLYMERISATION, 800° C. 
1 2.78 14835 — 1-45 — 
2 9:08 14840 0-9413 2-25 — 
4 3:58 148172 0-9525 8-5 TÄ 
5 4-00 14889. -- 20-0 12-0 
5-75 4-70 1:4899 0-0607 32-0 15:5 
6-75 5.56 1-4916 -- 80-6 22.6 
7-75 6-41 14926 0-9682 180-0 28:5 
8:10 6.82 1-4928 0.0702 2625 31-6 
TEMPERATURE OF POLYMERISATION, 310° C. 
1 2.03 1-4834 0:0396 1-9 — 
2 3:43 14871 0-94.97 6-7 4-7 
3 3-94. 1-4885 09569 17-0 11-0 
4 4-54. 14901 0:0625 445 18-0 
5 5:56 14916 0-9675 128-5 255 
5.25 6:11 1:4928 — 164-6 27-5 








Viscosity figures represent poises very approximately. Thinnor reduction 
figures represent: tho c.o. of white spirit required to redueo 50 c.c. of tho stand oil 
to a viscosity of 3-0 at 20? C. 


fully tested refined oil, a good standard plant, e.g. a Sommer plant, and 
accurate temperature control, consistent batches of stand oil can be 
produced at 300° C. approximately, with but little intermediate testing. 


* At this point the oil was stringing rapidly and was almost completely golled 
on cooling. 
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The preceding figures * show the physical changes which take place 
during the heat polymerisation of linseed oil. The oil was bodied in 
an aluminium pot, stirred continuously to avoid local overheating, and 
connected to a fairly strong exhausting draught so that the oil was in 
permanent contact with air at its surface. The pot was gas-heated. 
The progress of polymerisation was followed by the determination of 
physical constants. 

Tt can be deduced, therefore, that the process of polymerisation takes 
place simultaneously with increases in acid value, specific gravity and 
refractive index. For all temperatures there is a period of induction in 
which no appreciable increase in viscosity is observed, and its duration 
varies inversely as the temperature of polymerisation. The induction 
period may be caused by one of two influences, or possibly both, During 
the period of apparent inhibition of the polymerisation process, natural 
polymerisation inhibitors may be decomposed by the high temperatures 
involved, and/or the isolated double bonds may be converted into con- 
jugated bonds. In other words, the now popular mechanism. of isomerisa- 
tion occurs. Oils containing conjugated double bonds polymerise more 
rapidly than those with isolated ones. The more elevated the tempera- 
ture the greater the speed of polymerisation, e.g. for an oil of approxi- 
mately 118 poises at 20° C., sixty-four hours are necessary at 250° C, ; 
between ten and cleven hours at 280? C,; between 62 and 72 hours at 
300° C.; and about five hours at 310°C. For the rapid production of 
a good quality stand oil 310? C. is a very convenient temperature. The 
views of Bradley upon polymerisation are generally accepted. 

Uniformity.—Unitormity in the polymerised oil is controlled largely 
by the conditions of polymerisation. Fierce direct heating should be 
avoided and the oil should be stirred continually. Failure to note these 
precautions will result in stand oils which are mere dispersions of highly 
polymerised molecules in slightly polymerised molecules.5 


Type of Pot. Method of Heating.—Much “open pot” stand oil is 
made by heating the oil at approximately 300^ C. in mild steel, stainless 
steel, aluminium or copper pots. Copper bottoms are frequently fitted 
to mild steel pots. The method of heating may be by means of coke, 
coal, gas or oil. Klatte ®° favours the use of gas in place of solid fuels 
which he claims are difficult to control. In general, this is true, but 
heating by solid fuel.such as coke is controllable if the pot can be raised. 
by adjustable trolleys in the hands of experienced workmen. 


Colour—The colour of stand oil is a controllable property. Metals 
which tend to be attacked by fatty acids at high temperatures to form 
‘coloured compounds should be avoided, if freedom from discoloration is 
desired. Oxidation products of oils are known to be highly coloured, 
and these can be prevented by conducting the polymerisation in an atmo- 
sphere ok carbon dioxide. Considerable investigation in recent years 
has shown that, in the presence of catalysts, normally stable bodies are 
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oxidised to yield, among other products, fatty acids. The most efficient 
catalysts are compounds of the so-called “drying metals,” lead, cobalt 
and manganese. It is known also that iron acts as an oxidation catalyst 
at elevated temperatures, and hence it is reasonable to assume that the 
formation of compounds of iron during stand oil production will assist 
in oxidation and promote fatty acid formation. As the concentration 
of fattý acid increases, 
the more prolife will be 
tbe formation of iron 
salts. Copper pots may 
also cause discoloration. 
Thus stainless steel or 
aluminium pots should be 
used, and from the fore- 
going it is apparent that 
if the pots have been used 
in other varnish-making 
processes, they should be 
cleaned scrupulously free 
of undissolved compounds 
of the drying metals. For 
ease of cleaning, stainless 
steel is much superior to 
aluminium since it can be 
boiled with caustio soda. 
In choosing aluminium 
or stainless steel for the 
pots, the pot covers, ther- 
mometer cases and stirrers 
should be of the same 
metal, Oils which have 
E e been contaminated with 
(i | p metallic impurities such 
X» l as compounds of iron and 
' KESENER “ TsoLkOTRIO” Pareng HEATING nickel, oan be refined and 
PrANT. their colour improved by 
A—Véssel | D Logging. magg oter ghg warming with solutions 
nnna L Paddles. S—Heating clements. m™ of certain organic acids, 
| and blowing with air. 
Suitable acids are lactic, citric or tartaric. The impurities can be filtered 
off as complex metallic precipitates 24 
. Bierce direct heating causes local overheating at: the bottom of the 
pots with consequent destructive decomposition and darkening. Its effect 
may be minimised by vigorous agitation. Lagging of the radiating sur- 
face of the pot will reduce the heat necessary to raise the cil to the 
required temperature. 
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: Refined. linseed oil usually bleaches on heating to 300° C., but main- 
tenance at this temperature causes gradual discoloration. ^ 

Special Stand Oil. Planis.—Special plauts have now been constructed 
‘to produce pale uniform stand oils. A popular one is the Sommer- 
Schmidding. It consists essentially of an enclosed system where the 
space unoccupied by oil is filled with an inert gas such as carbon dioxide 
or nitrogen. The bodying vessel is filled nearly completely, and provision 
is made for overflow due to expansion, by attaching & smaller collecting 
vessel. The oil is kept agitated by means of the stream of inert gas. 
This system produces very pale unoxidised oils. 

The Kestner “Isolectric” Patent Heating Plant shows another 
important advance in stand oil technique. The oil is heated electrically 
by immersion heaters, and where clectricity rates are low the plant is a 
valuable acquisition. The heating elements arc arranged so that the 
conducting surface is very much larger than that of a direct fired pot, 
which means that the source of heat operates at à, much lower maximum. 
temperature. Local overheating and destructive decomposition are 
thus reduced to a minimum. The shape of the elements allows free 
thermal movement of the oil. Waste of heat is prevented hy efficient 
lagging to prevent radiation losses, and it is claimed that by the system 
of heating employed, the heating efficiency is almost 100 per cent. The 
stand oils produced are of excellent uniformity and colour, Both with 
the “ Isolectric ’ and the Sommer-Schmidding plants, fire risks during 
manufacture are reduced to à minimum. The Isolectric system of heating 
has been applied to Sommer planta with good results. 

Other patented methods of heating which avoid local overheating 
are those based on the familiar steam circulating system, except that 
liquids other than water are used. Therefore, higher working temper-. 
atures are possible. The liquid is vapourised in a generator, circulated 
around the vessel to be heated and is subsequently returned to the 
generator. The Kestner Evaporator and Engineering Co. Ltd. employ 
a liquid described as ‘‘ Perolene,” the vapour of which can be generated 
over the range 260°-415° C. 


T Tros 
Temp. (ib. per sq. in.) 
Perolene . . . 315? C. 40 
. 415? C. 200 
Steam . < . . 315? C. 1530 
415°C. >200 atmospheres 


Another installation working on a similar principle is known as the 
Dowtherm Heating System. The heating medium in this case consists 
of diphenyl, diphenyl oxide, or the eutectie mixture. This system is 
explained in greater detail in Chapter 7 (Alkyd Resins). 

. Where lower temperatures are required the Merilene system of fluid 
heat transmission: may be used. It consists essentially of transferring 
heat ton oil which is circulated around the vessels to be heated, The 
attainment of temperatures πρ. to 315? O. is claimed, 
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A method has been patented for the production of stand oils from 
linseed, soya and similar oils, which, according to the claims, enables 
unrefined oils to be used without risk of break formation. The oil is 
continually fed and thoroughly mixed. into a volume of oii which ia 
maintained at the bodying temperature. Carbon dioxide is bubbled 
through simultaneonsly to effect removal of acidic decomposition pro- 
ducts, and the bodied oil is withdrawn at the same rate as the raw oil is 
admitted 259 


Acidity of Stand Oils-—The chemical changes occurring during poly- 
merisation are very complex. Many postulations have been advanced 
but, as yet, no unanimity of opinion exists. There is no doubt that some 
decomposition of the triglycerides takes place to provide free fatty acid. 
Tn open pot stand oils atmospheric oxidation may be a contributory 
cause of generation of fatty acids, catalysed by the presence of traces 
of metallic compounds which, as indicated already, may be present if 
the heating is conducted in mild steel pots. It is obvious, however, that 
oxidation is not the main cause of fatty acid formation since fatty acids 
are formed during polymerisation in inert atmospheres, as the result of a 
complex disruption of the triglycerides. 

With open pot oils if a good draught is used, the acid value of the 
final stout stand oil will be of the order 6-8. Some fatty acid distills 
off and may be detected in the fume extraction system. With oils 
produced in the Sommer-Schmidding plant the acidity is determined 
largely by the rate at which the inert gas is passed. 


Turbidity —Steger and Van Loon? have studied the turbidity of 
stand oils and believe it to be due to the presence of saturated fatty 
acids or to the rather more highly saturated triglycerides. The amount 
of the acidity of the stand oil controls the degree of turbidity. The 
saturated tree fatty acids which may be liberated during the polymerisa- 
tion are not completely soluble in stand oil at normal temperatures. 
Similarly, the more highly saturated triglycerides, whilst being soluble 
‘in the unpolymerised oil, are less soluble in stand oil and demonstrate 
their presence by partial precipitation. The saturated fatty acid 
content of the untreated oi] determines the ultimate degree of turbidity. 
During the polymerisation process, whilst still warm, and often for days 
afterwards, stand oils of normal acidity remain clear. The development 
of turbidity is usually very slow. 

Ulrich ë agrees generally with the above findings. He believes that 
turbidity is due to the rearrangement of the naturally occurring mixed 
triglycerides to more saturated types, or to the elimination of saturated 
fatty acids. Since both saturated triglycerides and. acids have higher 
melting-points than similar unsaturated compounds, their tendency to 
precipitation, is greater. Ulrich disagrees, however, that turbidity is 
controlled by acidity. . 

The turbidity of stand oils is not usually regarded asa serious defect. 
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Their incorporation into varnishes with resins and thinners considerably 
minimises the tendeney to turbidity, and a short ageing of the varnishes 
obtained, followed by filtration through a press, removes the defect 
completely. 

Control of Degree of Poh ymerisation—The degree of polymerisation of 
linseed oil is an easily controllable property. ‘Tn practice, most manu- 
facturers are content to use viscosity as the most suitable guide to the 
extent of polymerisation. For speed and reliability the Gardner-Holdt 
tube method for viscosity determination is probably the most satisfactory. 
Tt consists, essentially, in filling to a given mark a standard tube with 
the oil to be tested, and cooling it with a similar tube containing a liquid 
of known viscosity, for approximately ten minutes at a specified tem- 
perature. The two tubes are inverted and the speeds of travel of the 
air bubbles through the liquids compared. 

Accelerated Polymerisation.-Much work has heen done on catalytic 
and accelerated polymerisation of linseed oil It is said that neutral 
oils are not suitable for stand oil formation and that the most convenient 
oils have an acid valne of 0-5-2-0. The presence of acid is said to ac- 
celerate the speed of polymerisation. Other workers, however, believe 
that the presence of acid has a retarding and peptising effect upon 
polymerisation. With fish oil it has been found that the rate of poly- 
merisation varies inversely as the concentration of stearic acid.® The 
discrepancy of opinion is probably explained by the difference in amounts 
of acid present. 

Oil is passed over catalysts at the temperature of polymerisation, and 
the catalysts, which may be in aggregated form, include nickel, platinum, 
palladium, cobalt, iron, copper, aluminium. trichloride, stannic chloride, 
and antimony trichloride. 

Temperatures of 260°--320° C. are used for the catalytio polymerisa- 
tion of drying oils using active nickel. Similarly, a temperature range 
of 200°-320° C. is suggested for use with nickel formate or platinised 
asbestos? Catalysts in active form are also produced by dispersing 
metals in a suitable liquid (butyl alcohol, propyl alcohol or turpentine), 
by means of an oscillating discharge. The metals used may be cobalt, 
iron, manganese, lead, nickel, tungsten, chromium and molybdenum. 
For cobalt dispersions, an addition of 0:01 per cent of metal may be 
used and the polymerisation carried out in an atmosphere of carbon 
dioxide at a temperature of 280? C. for eight hours.!! Other protected 
catalysts are mercapto-benzthiazol (0-2-1-0 per cent), diphenylguanidine 
(0:1-0-5 per cent), amines, organic disulphides, maleic anliydride, boron . 
trifluoride, anthraquinone and aluminium naphthenate.? The effective- 
ness of anthraquinone as a polymerisation catalyst is illustrated by the 
experimental results of Hewitt and Cottrell. . 

They heated alkali refined linseed oil (vis. 0-8; poises at 25? C.; 
A.V. 0-44; LV. 181-3) in an open glass flask at 307° C. with 0-1 per cent 
of anthraquinone, The results are given in the facing page.?™ 
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The same workers reported that calcium linoleate (0-3 per cent) was 
about as effective as anthraquinone, but it had the disadvantage of 
causing darkening. 

Wilborn has reported that a whole series of metallic resinates have a 
beneficial catalytic effect on the polymerisation rate of linseed oil during 
stand oil manufacture. The following is a complete list of the resinates 
arranged in order of offectiveness, the most effective being placed. first : 
thorium, lead, nickel, cobalt, iron, calcium, manganese, chrominm and 
uranium"! Tf claims are true, sodium oxalate (5 per cent} heated. with 
oil at 300°-850° C., actually yields a solid product.2!° 

Hydrochloric acid and sulphur dioxide have been used satisfactorily, 
but sulphur dioxide is preferable since hydrochloric acid promotes hydro- 
lysis, and produces oils of high acidity containing chlorine which are dark 
in colour. Sulphur dioxide gives oils of low acidity and pale colour, with 
a sulphur content of less than 0-1 per cent. Sulphur dioxide has other 
advantages in that it is cheap, easily recovered, and cannot be 
poisoned. At 290°C. in the presence of sulphur dioxide the rate of 


Hours at Viscosity id V. ine Value 
3072 C. (polses at 23? C.). Acid Value. Iodine Value. 


Catalyst |No catalyst) Catalyst [No eatalyst| Catalyst |No catalyst 


24 1-65 l4 9-58 177 . 150-0 189-5 

14 8-5 6.3 2-79 2-00 140-7 143-0 

64 36 25 3-61 2:32 ~ — 
approx. approx. ` 

ΝΕ 63 40 426 2-76 108-0 11545 


approx. approx. 


increase in viscosity is doubled. The induction period of pilchard oil 
is removed if the oil is treated with dry sulphur dioxide.? At 290? C. 
both sulphur and selenium (0-3 per cent) have been found to act 
catalytically on the speed of polymerisation of linseed oil14 Sodium 
bisulphate (0-4—0-5 per cent) has been found advantageous in the pro~ 
duction of fish oil stand oils at 275° C35 Oxygen is a polymerisation 
catalyst and is considered one of the most effeetive. 

Oils containing polymerisation catalysts, arc marketed under the 
name ‘“ Catalysed oils.” . 

Retardants-—Some substances hinder polymerisation and these 
include the resinates and linoleates of mercury, barium, strontium and 
copper. When polymerisation is accompanied by oxidation as in 
blowing, the presence of cobalt linoleate (0-1 per cent cobalt), anthra- 
nilic acid (1-0 per cent), quinol (0-25 per cent), or phenylhydrazine (0:1 
per cent) retards polymerisation.16 . 

Effet of High Temperatures.—Accelerated ‘polymerisation has been ' 
attempted also by subjecting the oils to temperatures in excess of 300° C 
One method is to heat rapidly flowing oil to a high temperature, to` 
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maintain the temperature and to cool quickly." The process can be 
made continuous, as with the Kestner Continuous Oil Polymerisation 
Plant. For polymerisation of linseed oil temperatures of 375°-385° C. 
are used, and the duration of treatment is approximately thirty minutes, 
for the production of a stand oil requiring from eight to ten hours 
under normal conditions. Temperatures up to 450° C. for four to ten 
minutes have been suggested also.t® 

Effect of Pressure.—Increased decomposition consequent upon eleva- 
tion of temperature has been prevented by simultaneous increase of 
pressure. Pressures of 3,000 atmospheres, and 500 to 1,200 atmo- 
spheres +? have been included in protected. processes. 

Tt is claimed, in addition, that polymerisation is accelerated if sub- 
normal pressures and normal temperatures are used, and that danger 
of spontaneous ignition is eradicated. At 300°C. and 10 mm. acidic 
decomposition products and some unpolymerised or partly polymerised 
substances are removed. Another protected process uses a temperature 
of 2907-300? C. and à pressure of 2-5 mm.?? Polymerisation under light 
vacuum (740 mm.) also results in acceleration of the process and yields 
stand oils of low acid valuoc.?! 

Effect of High f'requeney Current.—Subjeetion of thin filas of oil to 
a high frequency alternating current has been suggested as a means of 
promoting polymerisation.” 


Improved Stand Oils 


Modifications in method have produced improvements in the quality 
of stand oils. Ordinary unprocessed stand oil as generally available 
is, in reality, à heterogeneous mixture of free fatty acid, and glyceride 
agglomerates of varying degree of association. 

Solvent Hatraction.—Solvent extraction has been used to improve 
the homogeneity. The unpolymerised phase of stand oil, the saturated. 
portion, and the free fatty acids, are soluble in acetone, ethyl, butyl 
and amyl alcohols, and diethyl malonie ester? The more highly poly- 
merised and unsaturated residue is claimed to have better drying 
properties and to be more water resistant than the unextracted oil. 
Extracted oils have been marketed under the name “Tekaol.”” Work 
by Eibner has illustrated the instability of these oils but they now seem 
to be enjoying some popularity. . Further information on solvent cx- 
tracted oils is given on page 34. 

Distillation —It is claimed that the free fatty acids generated during 
stand oil formation can be removed by steam distillation.24 The most 
promising results of stand oil improvement have been made by sub- 
jecting the stand oil to a high vacuum distillation,” and this aspect of 
the subject is also elaborated later, in the section devoted to Processed 
and Synthetic Oils. One method effects the removal of free fatty acids 
by spraying the hot oil through a fine jet under vacuum. «Another 
claims complete deodorisation by allowing the oil, in a thin stream, to 
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flow down an inclined plane under vacuum εἴ 1005-1505 Ο5ὐ High 
vacuum distillation permits the removal, not only of fatty acids, but 
of unpolymerised glyeerides also. The residual stand oil has definite 
advantages over ordinary unprocessed stand oil, in that the tendency 
to develop cloudiness during storage, or after admixture with lead driers 
is absent, very low acidity is possible, and quicker drying and more 
tack-free films are obtained. Stand oils processed by the solvent ex- 
traction method have the disadvantage of the presence of traces of 
solvent, but with vacuum distilled oils this disadvantage does not 
exist. In spite of the many advantages of distilled stand oils they have 
not yet found for themselves a permanent place in the varnish warehouse 
probably because of their tendency to instability. 

Deacidification with (a) Basic Pigments —Deacidification of stand oils 
may be accomplished by mixing with basic zine compounds such as 
zinc oxide or hydroxide, followed by filtration of the mixture after 
several days.2? 

(6) Monoglycerides.—Alternatively, the addition of the calculated 
amount (0-4 per cent) of linseed oil monoglycerides to a stand oil (&.V. 12) 
is effective in reducing the acid value to 5-3 after one hour's treatment 
at 260? C?8 Glycerine ancl other aleohols are also effective alternatives. 


Properties and Uses 
There are many reasons for the use of stand oils in varnish manu- 
facture. They confer good dry, quick set, controlled flow, durability, 
colour retention, and water resistance on varnishes containing them, 
in contrast to the effect of unpolymerised oils. They are particularly 
valuable in formulating finishes where minimum penetration of the 
surface is desired, and this is possible because of the increased size of 
their molecules. They require larger quantities of thinners to reduce 
them to workable viscosity and in consequence the resultant product 
is cheapened.’ They are, however, pronc to certain defects unless care 
is taken. Stand oils with high acidity induce objectionable livering 
with basic pigments, especially with zinc oxide, and the acidity of stand 
oils used in paint and enamel media should be, therefore, carefully con- 
trolled. In order to give a balanced statement it should be notéd that some 
workers claim that no correlation can be established between livering 
and. acidity alone. Stand oils which have been excessively polymerised 
_ aid livering with basic pigments, and may cause “ seediness ” in varnishes 
made from them. Recent work indicates that livering is probably caused 
by a combination of acidity and degree of polymerisation. A mathe- 
matical equation for a limiting acid value and viscosity line has been 
derived for a bodied linseed oil, and beyond this, livering may be 
expected.2 Skinning during storage is another trouble which may 
be encountered. Stand oils which are highly polymerised cause brushing 
difficulties especially in varnishes which are applied on large, surfaces. : 
Tt must be borne in mind also that stand oils-are less soluble or miscible | 
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than the parent oil and may need modified treatment. In the prepara- 
tion of varnishes where a stand oil is to be used, especially if à * hard " 
type of synthetic resin is present, it is always advisable to mix the 
couvenient minimum of stand oil with the resin at the maximum 
temperature, aud after incorporation has been satisfactorily effected, 
the residual stand oil is added gradually, avoiding any serious reduction 
of temperature from the maximum. If the stand oil is added to the 
resin in excessive quantity initially, or too quickly subsequently, then 
precipitation may occur and it is often impossible to eliminate this con- 
dition even on prolonged heating. Before thinning the whole of the 
oil-resin mix ié is advisable to check its solubility in a large excess of 
thinner (2 thinner to 1 oil-resin). If the solubility test does not remain 
elear on cooling, the heat treatment of the oil-resin mix should be 
prolonged. 


Blown or Thickened Linseed Oil 


Blown linseed oil is distinguished from stand oil by several character- 
istic properties. It ranges in colour from yellow to a deep orange, its 
specific gravity is higher, usually from 0-960-1-00 approximately, and 
it is less soluble in petroleum hydrocarbons. On heating blown oils during 
the preparation of varnishes, appreciable frothing occurs. 

Blown oils are prepared. by blowing air through the oil at an elevated 
temperature, generally below 150° C., and whilst the primary object of 
the process is to produce an oxidised oil some polymerisation occurs also. 
The oxidation yields oxy-acids and their anhydrides, as well as keto and 
oxy-keto acids.® The oil itself also becomes partly hydroxylated. 
Many methods have been suggested for the production of blown oils, and 
the following are typical. Linseed oil is blown at 707-82? C. until a 
specific gravity of 1-00 is obtained; or linseed oil is first heated at 285°- 
327° C. until the iodine value falls to 130. The oil is then chilled to 132° C. 
and blowing is commenced. The temperature is allowed to fall to 93? C. 
and maintained until the iodine value falls to 85. Another method is 
to heat the oil rapidly to 315° C., cool immediately to 150° C. and blow 
with air to the desired viscosity." Polymerisation may be prevented 
by the presence of maleic acid during blowing. Contrary to general 
practice in tho past, blowing of linseed oil at high temperatures has been 
used also. Considerable hydrolysis takes place and the resultant oil 
is highly acidic, unless special precautions are taken. Such oil is claimed 
to have excellent drying and wetting properties. By blowing linseed, 
oil at temperatures near 300° C., Blom * claims the resultant product 
to possess the properties of tung oil. 

By reason of their partly oxidised condition blown oils generally 
dry more rapidly than stand oils. Tt has been suggested that in short. 
oil varnishes their speed of dry is comparable with that of wood oil. 
It is generally accepted that the presence of hydrophilic groups makes 
their water resistance poor, but Stock ?* considers both this property. 
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and acid and alkali resistance to be satisfactory when used in combination 
with rosin ester, copal ester, or rosin modified phenol tormaldehyde 
resins. The durability of blown oil is problematic and it should be used 
in interior varnishes only. 

Heavily blown linseed oil, produced at low temperature, reacts very 
easily with pure synthetic resins of the xylenol-formaldehyde type. 
This reactivity is greater even than that between wood oil and oil-reactive 
resins of similar type, so much so that with some proprictary brands of 
xylenol formaldehyde resin it is almost impossible to manipulate them 
on the works’ scale without causing gelation. This unfortunate phe- 
nomenon can happen well below 150° C. 


Vuicanised or Sulphurised Oil 


Oils or fats containing unsaturated linkages absorb sulphur chloride 
with evolution of heat. This fact has been known for a long time and 
has been used as a means of measuring unsaturation.2® Most varnish 
oils permit of vulcanisation with sulphur chloride and those commonly 
treated are linseed, perilla, and fish oils, and the corresponding blown 
varieties. 

The best method is to add the sulphur chloride slowly to the oil with 
constant stirrmg and to avoid excessive temperature increase. Some 
protected processes add sulphur chloride in a solvent which is common 
also to the vuleanised oil. Governed by the type of product which is 
desired sulphur chloride up to 30 per cent. of the oil may be used. Useful 
oils may be obtained, however, by additions of as little as 25-3-0 per 
cent.?? Blown oils tend to polymerize much more rapidly than unblown 
oils and the amount of sulphur chloride used in their treatment is cor- 
respondingly reduced. Oils are sometimes blown in the presence of 
sulphur chloride or treated with sulphur chloride (1 to 3 per cent) and 
blown subsequently. Reactions involving sulphur chloride liberate 
hydrochloric acid and it is essential that this is removed before the 
vulcanised oil is used in paint media or varnishes. This may be accom- 
plished effectively either by washing with water or by treatment with 
an alkaline substance such as lime. 

Alternatively, oils may be treated with sulphur at temperatures above 
100° C. Catalysts which aid vulcanisation are tetramethylthiuram 
disulphide or hydrogen sulphide.? Flowers of sulphur axe the most 
convenient form to use, and the best method of incorporation is to sprinkle 
the sulphur slowly into the hot oil at the minimum temperature necessary 
for solution, with constant stirring. "With heavily blown oils, unless the. 
reaction is accomplished with minimum heat treatment, the product will 
gel. In every instance it is advisable to chill the vuleanised. product 
rapidly and to thin out immediately. 

The risk of gelation during sulphurisation can be reduced if the oil 
and sifiphur are heated together in the presence of aniline diphenyl 
guanidine, diphenyl thiourea, or diethyl dithiocarbamate. 
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Sulphur treated oils tend to be darker in colour than oils obtained 
by sulphur chloride treatment at lower temperatures. Vulcanised oils 
are easily recognised by their characteristic odours. They are apt to 
gel on storage, particularly-if the parent oil is a blown oil. Additions of 
sulphur to wood oil cause complete solidification during storage. 

Vuleanised oils set rapidly wheu exposed as thin films, and it is this 
property which enables them to be used in the so-called wet-on-wet process. 
In this process several coats of pigmented oil are applied at short intervals, 
as soon as the preceding coat has set, and the resultant thick composite 
film hardens through subsequently. Vulcanised oils form the basis of 
many stoving finishes for rubber. The vulcanisation of oil endows it with 
good rust-proofing properties, low water resistance, and good durability.49 


Chemically Treated Oils 

In addition to the treatment of drying oils by sulphur or sulphur 
chloride, other methods of chemical treatment have been used. Solutions 
of drying oils in chlorinated hydrocarbons (e.g. ethylene dichloride), are 
treated with aluminium trichloride or boron trifluoride at 100° C. to 
produce polymerised products. Silicon tetrachloride and titanic chloride 
have a similar polymerising effect upon solutions of oil in suitable solvents, 
The polymerisation of unsaturated oils by means of tin chloride has been 
examined also. Oils with improved drying propertics are claimed, by 
the treatment of raw, polymerised, or blown oils with solutions of phos- 
phorus trichloride or phosphorus pentachloride in white spirit. 


Linseed Oil Substitutes 


Lack of supplies of linseed oil and other drying oils has led German 
varnish makers to use a substitute known as Bl Fimis. Rossmann 
describes the mixture as having both the colour and viscosity of linseed 
oil, but it dries harder and more rapidly, and has better resistance to 
yellowing and moisture. According to Brückel4? its composition is: 
linseed stand oil 21, rosin ester 12, alkyd resin 16, benzoline 50, and 
dricr 1, 

Tall oil and. certain petroleum extracts have also attracted consider- 
able attention as possible substitutes for drying oils. 


| Tuse Om 

Source —The Chinese oil is derived from the nuts of Aleurites fordii 
or Aleurites montana. The Japanese variety is obtained from Aleurites 
cordata, which is also known sometimes as abrasin oil.* The Chinese 
variety, dleuritis fordii, is now also being cultivated extensively in Japan, 
and is said to be indistinguishable from the Chinese oil. China and the 
contiguous countries are the primary sources of supply, but smaller 
quantities are produced in many other parts of the world, including 

*Thero is some confusion as to which species of Aleurites tho degeription 


“ Abrasin Oil” applies. The name has been given to A. montana also, but Sward 
has suggested that Mu oil is a better name for this variety. 
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South Africa, Kenya, Australia, New Zealand, United States of America 
(Gulf States), Brazil, French Morocco, India (Bihar, Orissa and Assam), 
Argentine, Dutch Fast Indies (Java), Malaya, Ceylon and British 
Honduras. In a review of the domestic tung oil industry in the United 
States of America in 1939, it was stated that there were already about 
100,000 acres of tung oil groves in existence producing about 600 lb. 
of oil per acre? The groves are increasing rapidly in area in a narrow 
coastal bent around the Gulf of Mexico. The rosults of growing tung 
trees on the Cameron Highlands (Malaya) have been disappointing, 
especially with the Aleurites fordii, although A. montana was more 
promising. In general, the climate was considered unsuitable, and 
fruit yields were uneconomically low”? Tung oil has been grown 
recently in Nyasaland and increases in production are expected in the 
future. The results were better with A. montana than fordii. 

'T'H& oil from. A. fordii grown in New South Wales varies in properties 
from different plantations, but on the whole the product is considered. 
satisfactory.8¢ Many of the tung oils derived from other than Chinese 
sources have comparable properties to the Chinese oil. The oils from 
French Morocco, India, United States of America, Java, Ceylon and 
British Honduras have been described as satistactory substitutes.“ 
Tung oil from other sources, if not of equal quality to the Chinese variety, 
could be substituted for it in an emergency without fundamentally 
affecting the properties of the final varnish. 

Composition. —The approximate percentage composition of tung oil 
fatty acids is 


Per cent 
Saturated acids κ ao ον . . 247— Geb 
Oleic or other unsatur: ated acids ͵ . , -. 1-5-18:6 
Elaeostoaric acid . . . . . . . "76:6—-80-4 


The oil is obtained from the kernels of the nuts or fruits by expression. 
Aleurites fordii provides the majority of the oil of commerce and it is 
believed. to: contain a greater amount of elaeosteario acid than oil from 
Aleurites montana. There is, however, no marked difference between 
varnishes made with these two oils in respect of gloss, durability and 
water absorption.“ 


Properties 

Smell—Tung oil has a characteristic smell which is often easily 
detected, even after cooking, in a drying film of varnish. No method 
of permanent deodorisation has been discovered, although temporary 
deodorisation has been effected by passing superheated steam, carbon 
dioxide, or air under reduced pressure through the hot oil. Moisture 
in the presence of sunlight or air apparently produces the smell, 

Condition——Tung oil appears on the market as & slightly viscous 
oil which sets to a soft paste at low temperatures. It is advantageous 
therefofe to store the oil in tanks which can be heated by steam. coils 
during spells of cold weather. 
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Dry, Water Resistance and Webbing—The characteristic properties 
which have made this oil so valuable in modern varnish manufacture 
are its unique speed of dry and its excellent water resistance. In caro- 
fully formulated varnishes it has outstanding durability. Unlike most 
other drying oils carefully controlled preliminary heat treatment is 
essential for good results. Raw wood oil dries matt and webs or 
erystallises at the slightest provocation. It is this defect which has to 
be eradicated by heat treatment, — 

Heat Treatment.—The heat treatment of tung oil is still a controversial 
subject. Controversy reigns as to the optimum temperature for im. 
munity from webbing with maximum durability. Fonrobert *® bases 
his treatment on the foundation that ordinary tung oil consists chiefly 
of «-elaeostearic triglyceride and that it is this modification which 
possesses the properties essential to a good varnish. Heat treatment 
stimulates a change from the « to the S form. Rapid heating to 280° ο, 
with immediate cooling yields an oil with maximum polymerisation and 
minimun isomeric change. At lower temperatures, longer times are 
necessary to obtain adequate polymerisation, and the tendency of 
isomeric change is greater. Moreover, it is more difficult to eliminate 
webbing at lower temperatures. The durability of a tung oil film is 
said to be inferiot if the oil is cooked below 270° 0.48, 47 Other workers, 
however, have modified these contentions. 

Heat treatment of tung oil at high temperatures is a skilful procedure, 
partly because of the speed of polymerisation and partly because the 
polymerisation is exothermic; the heat generated being proportional 
to the temperature up to 320° 0.48 Jt has been demonstrated that 
tung oil requires less time than linseed oil to attain a given temperature, 
aud requires more time to coolí5 ITigh temperature treatment (280°- 
300? C.) is known as the American method. Low temperature treatment 
(200°-260° C.) is described as the European or Continental method. 
It is obvious that the latter gives the greater margin of control. 
Storage ᾿ 


Tung oil is one of the most expensive oils which the varnish maker 
uses, but restrictions on its use during the war have shown that it can 
be stored for long periods, up to several years, without detriment or 
loss of value. This is equally true of liquefied oiticica oils. The best 
storage conditions are that the tank is filled and sealed, all moisture 
excluded, and a uniform temperature maintained 46 
Tung Oil Stand Oils 

Straight tung oil stand oils are rarely used in varnish manufacture. 
It is more convenient to polymerise the oil during the initial stages of 
the varnish-making process, before the addition of the resin which may 
be used ag a ‘‘ chill-back,” or to polymerise the oil in the” presence of 
the resin. Little time is saved in preparing large quantities of stand oil 
since the time necessary for polymerisation is short, and, in addition, 
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a stricter control is possible if the polymerisation is delayed until the 
varnish is made. With certain types of synthetic resin it is essential 
that the tung oil is bodied in the presence of the resin. 

If a low temperature stand oil is desired the process is easy to contr ol. 
At 200°C. several hours’ treatment is necessary. At 280°C. satis- 
factory polymerisation is effected in about ten to twelve minutes, but 
the actual time at 280° C. will be governed partly by the time taken to 
heat from 240° C. Unless special plant is available the best method for 
high temperature stand oils is as follows. Small batches of oil of about 
10 to 20 gallons each should be raised as rapidly as possible to within 
10? C. of the maximum polymerising temperature and removed from the 
source of heat. The temperature will rise to the desired extent and will 
probably remain. thus until polymerisation is complete. Two to four 
gallons of raw tung oil should then be added to chill the bulk quickly, 
which may be cooled further, if necessary, by hosing down with water. 
The mixture of polymerised and raw oil thus produced can be used to chill | 
subsequent batches. These will contain less raw oi], Many plants have 
been suggested whose function is to heat the oil rapidly to a high tem- 
perature for a short time followed by an equally rapid cooling. With 
such plants risk of gelation is eliminated. 

One protected method is to heat tung oil quickly to 285° C., to 
transfer to another vessel maintained at 286° C. until olymerisellon 
is complete and to cool suddenly. Another describes the passage of 
tung oil through a spiral at 315°-330° C., the bottom of which is cooled 
to prevent gelation. It has been claimed that a satisfactory stand oil 
is made by heating tung oil at 150° C. in the presence of ozone.*® Borie 
acid is added to tung oil and the mixture heated to 260? C. . Cooling is 
allowed to proceed slowly until the desired viscosity is obtained,.and 
further polymerisation is checked by rapid cooling?!" Another method 
is to polymerise the tung oil in the presence of a high boiling solvent 
which is subsequently removed. It can also be polymerised at a low 
temperature (105° C.), into a product suitable for varnishes, in the presence 
of 5-10 per cent of diethyl sulphate, which is dissolved in the oil. The 
treatment is interesting but diethyl sulphate is not a particularly pleasant 
material for use in the ordinary varnish factory. If an oxidised tung 
oil is required, the oil may be diluted with castor oil and oxidised below 
120° C. When the treatment is discontinued the castor oil is removed 
by extracting with alcohol, vl 

If the temperature of tung oil is raised quickly in excess of 310° C, 
e.g. 330? C., and maintained for some time, decomposition occurs, 
gelation is delayed, and the product exhibits poor drying properties. 
It is believed that the poor drying and polymerising properties of over- 
heated tung oil are caused by the formation of non-polymerisable eyclic 
compounds. Nevertheless it has been suggested that stand oils can be 
made by heating the raw oil to 360^ C. quickly, maintaining this tem- 
perature for about fifteen minutes, followed by sudden cooling; 
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Tatimori has reported the results of work on the effects of a number 
of varnish constituents on the gelation of tung oil. Paraffin waxes, 
hydrocarbon oils, butyl stearate, triacetin, tricresyl phosphate, œ- 
naphthylamine, hydroquinone and f-naphthol have a slight retarding 
effect on the speed of gelation. This is probably because they act as 
inert diluents. Certain organic acids, benzoic, cinnamie, and malic, 
have a pronounced retarding effect, and this, in the experience of the 
author, is equally true of maleic anhydride. This particular acid does 
induee polymerisation initially because of actual chemical reaction, but 
retards it subsequently. Other acids such as succinic and citric acceler- 
ate gelation as does also pyrogallol and «-naphthol, although the effect 
of the last named depends upon the amount present. When it exceeds 
10 per cent it acts as œ retarder. This reversal of effect is true also of 
ordinary and blown asphaltums, petroleum bitumens, gilsonite, stearine 
aud coal tar pitches, and mineral rubber. Acceleration occurs when 
they are present up to 10 per cent but beyond this gelation is retarded.? 


Liquefaction of Tung Oil Gels 


Although accurate control has almost eliminated losses through 
gelation, the possibility of liquefaction of gels has attracted a good deal 
of attention in the past. If gelation has proceeded so that the oil has 
become a sticky semi-solid mass, liquefaction is difficult. If the poly- 
merisation is arrested before this stage the chances of success are good. 
The highly polymerised oil can be heated with acidic peptising agents 
such as rosin, or masticated with glycerol and heated subsequently. 
Simultaneous additions of rosin and glycerol with heating have been 
suggested also. Ruff recommends heating the gel with varnish foots 
to 100? C. It is essential that the foots contain a large proportion of 
the lead soaps of linseed oil if they are to be effective. Alternatively, 
the lead soaps may be prepared by heating linseed oil with an excess of 
litharge. The addition of acetone causes their precipitation and they 
may be used by mixing with the tung oil gel in a neutral liquid, and 
heating at 100°C.83 Ti the temperature of the gel is approximately 
240°-260° C., but preferably nearer 260°C., finely divided litharge 
sprinkled on the surface will sometimes cause liquefaction. In order 
to obtain a more rapid reaction the litharge should be ground into refined 
linseed oil to provide a concentrated mixture, and this can be slowly 
poured on to the surface of the gel. Lead acetate has a similar peptising 
action to litharge. 

Monoglycerides are claimed to be especially effective in inducing 
liquefaction. 

Sudden and vigorous heating of tung oil gel causes partial liquefaction 
into a usable product, but the method, although practical in the labora- 
tory, cannot be recommended as a commercial proposition. 

` The disposal of a reclaimed tung oil gel is a serious probley. Its 
highly polymerised condition and the presence of substances used to 
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aid liquefaction make it unsuitable for admixture with good grade 
varnishes. It ean be mixed with varnish foots, which at periods find 
a ready market, used as a binding medium for putty, or when mixed with 
linseed oil used as a cheap paint medium. 


Tung Oil—Linseed Oil Stand Oils 


Mixed stand oils produced by the simultaneous treatment of tung 
oil and other drying oils provide useful varnish-making oils or media for 
good elass paints, The mode of preparation has been studied in detail 
by Fonrobert,5$ and is controlled largely by the ratio of tung oil to the 
other oil. | With one part of tung oil to two or three parts of varnish 
linseed. oil ester interchange occurs, resulting in the formation of mono 
elaeostearic acid-di-linseed oil acid triglyceride. This type of oil is 
generally satisfactory, being easy to produce with little risk of gelation, 
and freedom from webbing tendencies. Fonrobert and others ** prefer 
stand oils in which the two oils have been prepared. separately, when 
good exterior durability is desired. It has been stated that when more 
than one part of tung oil is used with two parts of linseed oil there is 
insufficient linseed oil to permit complete ester interchange, as suggested 
above, and free tung oil remains. The free tung oil is thus believed to 
form highly polymerised and sometimes gelled agglomerates, scattered 
in a lightly bodied oil. In these circumstances it is best to heat tung 
oil and linseed stand oil to 280°C. Alternatively the presence of large 
amounts of tung oil might result in the production of triglycerides with 
more than one elaeostearic radical. Unfortunately there is very little 
published evidence on the type of reaction involved ; but the alternative 
reaction should be borne in mind. When equal parts of tung oil and linseed. 
oil are required the preferable method is to heat the tung oil alone in the 
normal way and to check with linseed stand: oil. The effect of linseed 
oil upon the speed of polymerisation of tung oil becomes more apparent 
as the temperature and the proportion of linseed oil inereases.*® 


Blown Tung Oil 


Blown tung oils can be made but they do not possess any valuable 
outstanding properties and hence are rarely encountered. Their chief 
uses are in crystallising lacquers and matt finishes. 


PERILLA OL 


Source.—Perilla oil is obtained from the seed of Perilla Ocymoides, 
or Perilla Nankinensis and is produced exclusively in Japan, Manchuria, 
Northern India and the Hast Indies, Perilla Ocymoides has been grown 
suecessfully in Burma also. Experimental. plantings in the U.S.A.’ 
have not, so far, proved successful. 
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Composition —The approximate percentage composition of its fatty 
acids is 


` Per cent 
Saturated acids . . . - . . . 8-5- 7-6 
Oleie acid . . . . . . . . 8:9-13-8 
Linoleie acid . . . . . . . . 946-594 
Linolenie acid . . . . . . . 23-3-49-0 


Properties 


Its iodine value, which is reported as varying from 193 to 206, is 
exceptionally high for a drying oil. Although its iodine value has no 
doubt stimulated interest in this oil, no unanimity of opinion exists 
concerning its drying power in relation to similar oils such as linseed. 
Fryer and Weston, Tchang and Ling,®> and Lewkowitch have found that 
perilla oil dries more slowly than linseed oil, but the majority of workers 56 
have reeognised its superior drying properties. With driers the times 
of drying of perilla and linseed oil are 3-2 hours and 5-6 hours respectively. 
Without driers the times are forty hours and seventy hours. Perila oil 
has been suggested as an addition to poor drying linseed oils with the 
object of overcoming their defects." Although irregular drying results 
have been obtained with raw or refined perilla oil, by comparison with 
linseed oil, there is no doubt that perilla stand oils are superior in drying 
properties to the corresponding linseed stand oils. Tchang and Ling 
(loc. cit.) confirm that the dry of perilla oil can be improved by two or 
three hours heating at 1905-2005 Ο, 

Like linseed oil, raw perilla oil has a tendency to break on heating. . 
Perilla oil suitable for production of stand oil is produced by coagulating 
the “break” by heating, allowing to settle, and removing the mucilag- 
inous matter by filtration. Statements have been made that perilla oil 
does not break, but these do not conform with the author's experience. 
The raw oil may be refined also by alkali treatment. Refined perilla 
oil is converted to stand oil readily by several hours’ treatment at 300° C. 
The speed of polymerisation is noticeably greater than that of linsced oil. 

Perilla oil has a distinctive pleasant smell which is accentuated on 
heating. The stand. oils do not retain this smell. Since the oil has a 
lower flash-point than linseed oil (probably due to the presence of perillic 
aldehyde) extra care should be taken during varnish or stand oil manu- 
facture. Comparative figures (C.F. Pt.) for linseed and perilla oil have 
been given as 282° and 215° C. respeetively.5? . 

Blown perilla oils do not exhibit the outstanding drying properties 
which might be anticipated. 

In the recent search for tung oil substitutes, perilla oil has received 
its due share of attention. Whilst it cannot be regarded, in any way, 
as a substitute for tung oil, for most of its properties lie between those 
of linseed and tung oil, it is undoubtedly a better oil than linseed. oil’ in 
many directions. A great future is predicted for it. The standeoil has 
better gloss and exterior durability and is more resistant to ingress of 

22 


Varnish Oils 
moisture. In stoving finishes it dries tougher than linseed oil and’ yiclds 
films with excellent surface hardness. It provides better printing ink 
media than linsced oil. Its chief defects are, that it demonstrates an 
increased tendency to yellow both on stoving and on exposure : it tends 
to surface dry, and this betrays itself as rivelling during stoving, and 
stoved films lack flexibility. Unpolymerised oil exhibits an inclination 
to “crawl”? but this may be eliminated either by heating, or by the 
addition of 0-01 per cent of benzene-azo-benzene-azo-f-naphthol 5? 
Perilla oil tends to bloom rather more than linseed oil. 


Orrrcerca Om 


Source and Composition.—Oiticica oil is obtained from the seeds of 
Licania rigida benth., indigenous to Brazil. The approximate percentage 
composition of its fatty acids has been given as 


Ter cont 
Saturated acids . . . . - . ` . 113 
Oleic acid . . . . . . . . . 62 
Licanie acid . . . . . - - . , 8265 


The oil is obtained either by expression or by solvent extraction. 


Properties and Uses 


When first expressed it is quite liquid but sets to a soft pasty mass 
on storage. This is a phenomenon which is governed, chiefly by tem- 
perature only. If the oil is obtamed by hot extraction methods it is 
said to remain liquid for long periods without showing signs of solidifica- 
tion. Special treatment involving high temperatures is said to eradicate 
permanently the tendency to solidify. 

Oiticica oil in the paste form is inconvenient and unsuitable for the 
varnish maker. Much time is wasted in weighing when measuring would 
suffice, and in transference. In this condition, too, oxidation is liable 
to oceur and this results in the production of gelled particles which do 
not disperse on heating. These persist even in the finished varnish and 
necessitate removal by filtration or centrifuging when perhaps neither 
of these two processes would be used in the normal way. In addition, 
appreciable darkening occurs on heating and comparative experiments 
have shown, that using paste oiticica oil, it is impossible to produce 
varnishes as pale as those from wood oil. The danger of spontaneous 
ignition also exists. Half-filled barrels of paste oitieiea oil have been 
known to char badly and ignite. Kappelmeier has reported. the tend- 
eney of the oil to gel even at normal temperatures, and its gradual 
decomposition on long storage.99 If the oil is stored in a tank main- 
tained at 35°C, or over it remains in a liquid condition. Or since the 
oil is likely to be used in a bodied condition ultimately, it maybe 
convenignt to convert a new consignment of of immediately to a light 
stand oil, and this is accomplished by heating at 225°C. for about 
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forty-five minutes. Usually this will remain liquid on storage, but 
sometimes a voluminous greenish precipitate settles out. Treatment 
at temperatures as low as 100° C. for thirty minutes will delay subse- 
quent re-solidification. It ia obvious that heat treatment at, or immedi- 
ately after, expression is the best means of preventing the aforementioned 
difficulties. Mauch oil is now preheated before it is supplied to consumers. 

Raw oiticica oil behaves similarly to tung oil on drying. It shows 
a marked tendency to web and frost but it is not so susceptible to 
influences inducing these defects as tung oil. It is essential that the oil 
is polymerised to obtain the best results from it, and while it polymerises 
rapidly on heating it is easy to control. To eradicate completely its 
frosting tendencies heat treatment in the presence of resins is necessary. 
This trouble is claimed to be removed also by heat treatment in excess 
of 150° CG. and assisted by the presence of boron trifluoride (0-05-0-5 
per cent).25 Compared with tung oil it requires approximately twice 
the duration of heating over the temperature range 250°-300° C.41 When 
mixed with resins the differences in the speeds of polymerisation are 
even more marked. As with tung oil the best temperatures for treat- 
ment are in excess of 280° C., and a few minutes at this temporature 
followed by sudden chilling suffices for the production of satisfactory 
stand oils. Kemner, however, states that the oil should be heated at 
2850? C. for optimum properties. Tt is interesting to note that Stock ® 
states that stand oil heated. at 250° C. for half an hour has inferior dura- 
bility to the raw oil. A method for producing bodied oiticica oil, which 
is reminiscent of a method advocated several years ago for similar treat- 
ment of tung oil, is to pass the oil through a heated coil, A monel metal 
coil is used in a lead-antimony bath.?!3 

Oiticica oil dries more rapidly than any other natural varnish oil with 

the exception of tung oil. The chemical and water resistance of oiticica 
oil are good but inferior to those of tung oil. The oil has a pronounced 
tendency to develop turbidity, in varnishes which have been prepared by 
the addition whilst hot of driers such as litharge, manganese dioxide, ete. 
Moreover, the addition of litharge at 270°-280° C. is not practical, due 
‘to excessive frothing.9* It is preferable to add driers in the form of 
easily soluble salts at the minimum temperatures possible, or as naph- 
thenates, resinates or linoleates in the form of terebines, Excess of 
lead drier should be avoided in deference to the pronounced inclination 
of oiticica oil to develop turbidity with it during storage. Oiticica 
varnishes do not skin so readily as those from tung oil. 

The indiscriminate inclusion of oiticica oil in all types of varnishes 
has led to conflicting reports on its durability. Although some workers 
have advocated it as a general substitute for other oils 16 05 it is now quite 
apparent that its valuable properties must be exploited in carefully 
selected directions only, if troubles are to be avoided, : 

Oiticica oil films suffer from embrittlement on ageing, and with ester 
gum or copal in particular, premature breakdown results. With ester 
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gum, durability and gloss retention are said to be inversely proportional 
to the amount of oil used,99 but the results vary considerably with the 
cooking conditions. If the cooking temperature is kept below 238? Q. 
good results are obtained. With phenol formaldehyde resins, on the other 
hand, varnishes with excellent durability, at least equal to that with 
tung oil are possible. Other workers have confirmed that oiticica 
oil is best used with phenol formaldehyde or modified phenol formalde- 
hyde resins.6’ The speed of polymerisation of phenol formaldehyde 
resins with oiticica oil is greater than with tung oil and this is thought 
to be due to the presence of the keto groups of the licanic acid. p-Alkyl 
phenols in the presence of phosphoric acid react with the keto group of 
the oil to yield satisfactory varnishes. The embrittlement of oiticica 
oil in exterior varnishes can be modified by the addition of a plasticising 
oil Bike soya bean.oil. Any checking and livering tendeney of oiticica 
oil is claimed to be prevented by cooking the oil during the preparation 
- of the stand oil, with a few per cent. of ordinary castor oil2 — Mundy $8 
advances the opinion that where oiticica oil and linseed oil are present 
in the ratio of more than two of linseed to one of oiticica oil, then the 
chief properties of the mixture, including durability, will be equal to that 
of a corresponding tuug oil mixture. 


Sova Buran Or 


Source and Composition —The oil is obtained from the beans of Glycine 
or Soya hispida, indigenous to China, Japan and Manchuria. Some oil. 
is produced in the United States of America, Russia, Yugoslavia and 
other parts of Europe, and a little from experimental sources in Great 
Britain. Growing triala have also been conducted in New Zealand. 
The approximate percentage composition of its fatty acids is 


Per cent 
Saturated acids . . . = . . 115-143 
Oleic acid . . . . . . - , 25-9-33-7 
Linoleie acid . . . . . . . © 520-588 
Linolenic acid . . . . . . . 3.1-- 5:8 


The oil is removed from the beans by pressing or by solvent extraction. 

Information has been given on the acid and alkali refining of this oil, 
and the final conclusions are that best results are obtained using dilute 
sulphuric acid (1 per cent), followed by washing with alkali in BO per 
cent excess. Alkali refining results in appreciable losses of oil, which 
increase in proportion to the concentration and excess of alkali, but the 
colour of the oil remains practically unaffected 2*5 

The iodine value of the oil obtained from the soya bean is influenced ` 
by the conditions of . cultivation. Ripening causes a gradual inerease - 
in ioding value, but the ultimate value is determined. chiefly by the. 
prevailing. temperature, ?49- 
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Properties and Uses 

Some oils tend to “ break ” on heating and should be tested before 
use. 

Soya boan oil is not used in very large quantities in varnishes in 
Great Britain but indications demonstrate that it is becoming more 
popular in the United States of America. Its drying properties are 
much inferior to those of linseed oil, but in spite of this it is a useful oil 
for special purposes. Linseed oil dries in about one-third the time re- 
quired by soya bean oil? Attempts lave been made to improve its 
drying properties by the removal of antioxidants. Phosphatides among 
other substances have been recognised as possible :etardants."? Treat- 
ment with acid or alkali is claimed to destroy antioxidants, as well as 
treatment with oxidising agents like potassium permanganate or 
dichromate. The following figures represent the improvements effected : 


Drying time 


Raw soya bean oil . . . . . . 180-160 hours 
Raw linseed oil . . . , e . 34 hours 
Alkali refined soya bean oil . . 8 hours 
Soya bean oil after treatment with potassium di- 

chromate . . . . . . . . 23 hours 


Unlike most other drying or semi-drying oils used in varnish manu- 
facture, it has been said of soya bean oil, that, in the absence of driers 
‘the drying films never increase in weight beyond their original weight 
at any state of the oxidation. This is a very striking assertion and for 
this reason it is perhaps advisable to await further confirmatory evid- 
ence26 While Ware 7 agrees that acid or mild pre-oxidation treatment 
improves the speed of dry, he states that it is still inferior to that of linseed 
oil. Blowing of a stand oil is claimed to improve the drying properties.” 
Excessive additions of dricr are not advocated. Like linseed oil, soya 
bean oil bleaches on heating. Its speed of polymerisation is, however, 
very slow and requires about four times the time at 300°C. Mixed 
stand oils of soya bean with other oils form useful combinations for 
varnishes. Co-polymerisation of two parts of perilla and one part of 
soya bean oil yield an oil equal in drying propertics to a corresponding. 
linseed stand oil. The ester interchange occurring durmg the process 
is essential, since simple mechanical mixtures of perilla stand oil and 
soya bean stand oil do not exhibit the same drying properties.” A 
mixed stand oil of soya bean and tung oil, which is said to be free from the 
defects of either oil, is made by heating the mixed oils to an exception- 
ally high temperature (455° C.), for a short time in a tube with rapid 
cooling. 74 

In paint media, small additions of soya bean oil (15-20 per cent) 
can be made without seriously affecting the dry but to improve the 
flexibility. With perilla oil mixtures larger additions are - possible. 
Small additions of the oil to tang oil or oiticica varnishes whieh tend ` 
to become exceptionally brittle on exposure, will minimise this tendency 
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and improve the durabiliby without hindering other properties seriously. 
Quite durable paints can be made from ordinary soya bean oil. 

Soya bean oil has outstanding colour retention both on exposure 
and stoving. For this reason it is included in air drying and stoving 
white enamels and in alkyd resins. 


Fisu Ors 


Source.—-There are many varieties of fish oil on the market derived 
from two sources: Oils from marine animals and ordinary fish oils. 
The sources for the former oils are whales (Balaena), worked up in America, 
Norway, Iceland, Japan and the Lofoden Islands ; seals (Phoca) ; dolphins 
and porpoises, walruses, etc. The chief sources for ordinary fish oils 
are menhaden fish (Alosa menhaden), worked up chiefly in America ; 
Japanese sardines (Chepanodon melanostictu) and. Japanese herrings 
(Clupea pallasi), worked up in Japan; North Sea herrings (Clupea 
harengus), treated in Norway ; and pilchards. 

Composition.—The composition of fish oils ia very complex, but they 
consist of mixtures of both highly unsaturated and saturated fatty acids 
in the form of glycerides. According to Reizinstein crude fish oils 
contain 

Por cont 


Myristie acid . : . . . - . : 6 
Palmitie acid . . . . . . . . 12-14 
Stearic acid . ` - . . . . ` 2- 4 
Palmitoleie acid . , . . . . . (014-16 
Oleic acid 

Linoleic } 30 
Linolenie acid 

CIupanodonic acid , . . ' , . | 18 
Therap io acid . . . . . : . the residue 


Traces of octacdecatriencic acid have been discovered also. 


Antarctic seal oil has been found to contain acids of the following 
types: substantial amounts of highly unsaturated acids like clupanodonic, 
scoliodonie aud nisinic, acids which are less unsaturated like oleic, and 
the usual saturated acids—pahnitic, stearic and myristic.24% 

_Production—Of the sea animal oils, whale oil has become the most 
important for the varnish trade. Whale blubber is boiled with steam 
at ordinary or higher pressures to obtain the oil. Of the. ordinary fish 
oils, sardine, menhaden, herring and pilchard oìls are the most important. 
The fish are generally boiled with water and the oil is skimmed off; treated 
with steam to separate the oil; or allowed to rot when. the oil is óbtained 
by expression. l 
* The latest method of obtaining oil from menhaden is based on steam 
treatment in which the menhaden are steamed and pressed. The mixture 
of fish oil and water is then first roughly screened to remove suspended. 
solids, and then sent through a vibrating sereen en route to à centrifugal 
Slime separator. The oil, water, and wet solid matter are thereby | 
separated. The fish oil, which may still be contaminated with a ‘Tittle: . 
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water, is finally freed of this by centrifuging, and a product of improved 
properties including à more pleasant smell is obtained? 

The oils appearing on the market vary considerably in quality as, 
reflected in intensity of objectionable smell, in colour, in speed of dry, 
and in freedom from separated matter. Bulk deliveries of sardine oil, 
for example, may contain large pieces of fish. 

‘ude fish oils are of little value to the varnish or paint maker. They 
dry more slowly than linseed oil and do not harden to the same degree 
ultimately. Although fish oils are not used to a great extent in varnish 
manufacture, recent years have seen à large volume of experimental work 
conducted with the object of eradicating their defects. It is accepted 
generally that it is the presence of saturated acids, and glycerides such 
as stearine, which contribute to the film defects, including inferior dry. 
These are sometimes removed by chilling. The cooling and subsequent 
filtration of whale oil results in an improvement in iodine value from 
90-120 with a simultaneous improvement in dry. By chilling sardine 
oil and removing the solid saturated triglycerides, an oil with an iodine 
value of 200 was obtained.75 "From pilchard oil the saturated con- 
stituents are removed by steam distillation, and the film of the improved 
oil is said to be superior to that of other drying oils for freedom from 
blooming and yellowing, and for gloss, hardness and water resistance.?? 
Untreated oil is inferior to linseed oil for hardness and water resistance. 

Mucilaginous matter can be removed from fish oils by the addition 
of 0-5 per cent of oak bark extract.78 Another method of refining fish 
oils, which is especially applicable to sardine oil, is to treat the oil with 
an organic basic compound, wash away the soapy material, and then 
wash finally with dilute acid. Ethanolamine is suggested as a suitable 
basic material, and although it may be effective it seems to be an expensive 
reagent to use, unless the resultant soaps can be worked up for suitable 
markets? 


Properties and Uses 


Much contradictory work has been published on the merits and defects 
of fish oils. With reference to Japanese sardine oil, Erastova and 
Roganova state that however the oil is refined it is inferior to linseed oil.?° 
Films of fish oil become tacky on exposure, especially when the humidity 
is high, and Ohl has found them to have poor water resistance and 
durability.9" In contradistinction Hignard claims impermeability and 
very good durability, especially in sea air,*! It is generally agreed that 
fish oils give soft flexible films which bloom and yellow badly. The film 
strength of fish oils, even the stand oils, is noticeably inferior to that of 
linseed oil. Fish oils are peculiar in their property of resistance to 
decomposition by heat, and for this reason they have been suggested 
as the basis for paints and varnishes which are subjected ta high 
temperatures, 8% 81 
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Fish oils processed by heat treatment or blowing are undoubtedly 
superior from a varnish-making standpoint than the unprocessed oil. 
In the production of stand oils excessive overheating should be avoided 
since this is said to cause decomposition or molecular rearrangement. 
The maximum temperature should not exceed 2807-295? ©., and 
three to four hours should sufice to provide a useful stand oil, The 
speed of polymerisation is governed to some extent by the stearine 
content ofthe oil. Fish oil stand oils are dark in comparison with similar 
stand oils from other drying oils, although the extent of the darkening 
can be controlled by using stainless steel or aluminium pots. An 
atmosphere of carbon dioxide or, alternatively, a low pressure are ad- 
vantageous. The removal of saturated ingredients and unpolymerised 
oll from the stand oi] by high vacuum distillation is another refinement 
aiding in the production of an improved oil.9 

Blown fish oils are more valuable than heat polymerised oils. Much ` 
of their objectionable odour disappears either on heating to 260° C. or 
on blowing. 9 'Pemperatures of 120? C. or 2007-250? O. have been used. 
for blowing. Blown fish oils are claimed to be soluble im mineral spirits 
without scparation ™ but they have gelling tendencies during storage.®4 

When it is desired to improve the flexibility of other oil films fish oil 
may be blended with perilla, oiticica or tung oil, and it is in such blended 
oils that it will be found most valuable. Oxidised or polymerised seal 
oil, in admixture with linseed or other oils, has given good paint media 
from the point of view of durability, but the mixtures possess the dis- 
advantage of slow drying properties2°8 A paint oil, covered by British 
Standard Specification 925, is satisfied by a 15 poise stand oil prepared 
from three parts of linseed to one part. of fish oil. 

Fish oils (sardine oil) react’ with phenolic resins to a greater extent 
than linseed oil, and a reaction between pilchard oil and phenol has been 
studied by Riddell? The reaction product was found to be toxic to 
pile or ship’s worms. 


Haco Oil 


This is an oil which has attained some popularity in Germany recently, 
It is believed to contain acids isomeric with linolenic and elaeostearic 
acids, together with acids possessing four or five double bonds. It is, 
in fact, a specially processed. whale oil, free from smell, yielding a film 
harder than that of linseed oil. For underwater paints it is claimed to 
be superior to tung oil. 


DEHYDRATED OR DEHYDROXYLATED CASTOR OTL 


Source.—-Castor oil is derived from the seeds of Ricinus communis 
which is grown in many parts of the world, including India, China, 
Manchukuo, South America (Brazil), South Africa, United States οἳ 
America, Java, Mexico, French Colonial Africa (Algeria), Russia and | 
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countries bordering the Mediterranean including Yugoslavia. The oil is 
separated by extraction or expression. Albuminous material is coagulated 
by steam and filtered out. Recent work in India has shown that industrial 
aleohol is an eminently suitable solvent for extraction of the oil from 
the seed, when the alcohol is available and cheap. The aleoholic solu- 
tion of the oil is diluted with water to separate the oil, which is yielded 
to an extont of 4 per cent more than by the normal treatment. A further 
advantage of this treatment is that the whole of the oil obtained is in a 
pure condition. #06 

The solubility of castor oil in ethyl alcohol distinguishes it from all 
the usual vegetable oils, which are insoluble. 

Composition of Castor Oil.—The composition of the fatty acids is 
as follows :— 

Per eent 


Stearic acid . . A . . . 0-3 
Dihydroxys stearic ac dd. . : . . . . ld 
Oleic acid. . . . oss . . . T2 
Linoleie acid . . , ` . , . . 3-6 
Ricinolvie acid α ᾿ . n . : . . a8 


Dehydration of Castor Oil 


Castor oil is a non-drying oil and thus is of little value except as a 
plasticiser. 

Castor oil which has been subjected to chemical or heat treatment, 
ou the other hand, provides a useful varnish oil. Whatever treatment 
is used the object is to increase the number of unsaturated bonds from 
one to two. ‘This may be accomplished in two ways: either by direct 
dehydration of the oil, or by dehydration of the fatty acids of castor oil 
with their subsequent re-esterification by glycerol. The latter method 
was used by Scheiber and bas resulted in the “Synourin” type of 
drying oil.8® 

The direct dehydration of the oil has attracted considerable attention, 
probably because of its relative simplicity. This process is obviously 
much cheaper since it avoids hydrolysis of the oil and the final re- 
esterification. It is, moreover, a process which the ordinary varnish 

.maker can control with good results, although it is claimed that the 
reaction does not normally proceed to the same extcnt as with fatty acids.°9 
Barbot has thrown considerable light on the mechanism, of the dehydra- 
tion reactions“? Apart from the production of a triglyceride of iu- 
creased unsaturation, and water, other possible reaction products obtained 
at higher temperatures include undecenoic, myristic, palmitic, stearic 
and. oleic acids, heptaldehyde, aerolein, sebaċic acid semi-aldehyde and 
aebylene. To this, list of dehydroxylation degradation products must 
‘be added, glycerol and oenanthol. 

Contrar 'y to early beliefs and some present claims, dehydration results 
in an oil in which the predominating fatty acid radical is 9 : 1 linoleic 
acid with its isolated unsaturated bonds. By comparison the amount 
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of the 9:11 acid present is very much smaller. This has been estab- 
lished by diene value measurements of Priest and Mikusch,“° and its 
importance emphasised by Greaves 141 and Mundy. 

Many catalysts have been used to facilitate the dehydration reaction, 
since undue heating at elevated temperatures readily stimulates poly- 
merisation and this, in the final product is not always desirable. 

Using toluene sulphonyl chloride, castor oil may be dehydrated at 
2860? C. in vacuum, or at 270^-280* C. at ordinary pressure.?! Oxides of 
metals have also been used successfully. Tin oxide has been used in a 
reaction requiring eight to twelve hours at 200°~-250° C. and 5-20 mm. 
pressure. Dienol, a dehydrated oil produced in Switzerland, is believed 
to be produced in the presence of oxides such as those of tungsten, 
thorium or molybdenum, or of mixtures such as iron and zine oxides with 
aluminium hydroxide;49? According to Blom, dienol consists entirely 
of the conjugated acid, an object attained by conducting the dehydration 
in the presence of a salt of unstated composition.” Other workers claim 
to have prevented tho formation of the 9:12 acid during dehydration 
also, but as indicated already the resulta of more recent work provide 
strongly opposing evidence.%4 

Other oxide catalysts include litharge, cobalt oxide, mixtures of zine 
and aluminium oxides, and mixtures of litharge and manganese dioxides.™ 

Dehydration is claimed to occur at 140° C. in vacuum in the presence 
of bleaching earths," and in this respect fuller’s earth has been found to 

be effective although the product is rather dark in colour. Another 
process involves the heating at 2807-290? O. and ordinary pressure, in 
the presence of aluminium oxide and zine. China clay bas also given 
good results. 

Sulphuric acid and its derivatives exert a definite catalytic effect. 
Among the derivatives- of sulphuric acid, the hydrogen sulphates of 
potassium, sodium and ammonium are effective but tend to give dark 
products. Potassium pyro-sulphate and sulphonated castor oil have 
been used at 1007-250? C. in the presence of carbon dioxide, nitrogen, 
or sulphur dioxide.  'lhe use of methionie, ethionic, or methane di- 
sulphonic acids have been mentioned iu other patents%5 Good results 
are also claimed for phosphoric acid derivatives, and for a mixed catalyst of 
zinc ricinoleate and carbonate, for boryl pyrosulphite, and for boric acid.?67 

Another method of removing the hydroxyl group consists in first 
reacting it with a suitable organic acid, and subsequently decomposing 
the resultant ester by heating. Acids suitable for esterification are acetic 
and oxalic acids,144 

Dehydration may be effected, either on the oil directly, on its fatty 
acids, or on solutions of either in a suitable solvent. With the latter 
method, it is, of course, essential to remove all traces of solvent from. 
the finished product. A method involving the heat treatment of castor. 
oil fatty acids, sulphurie acid, and glycerol, in which dehydration and | 
esterification are said to proceed. simultaneously, has been patented." 256 
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During dehydroxylation of castor oil and its subsequent bodying 
the acidity tends to rise substantially unless special precautions are taken 
to avoid it. Adjustments consist in introducing a small amount of 
ammonia or an ammouia-generating compound, e.g. ammonium oxalate, 
during the heat treatment, or aleohols such as glycols, glycerol, s sorbitol, 
elg 255 

Good reviews on the dehydration of castor oil have been given by 
Forbes and Neville, ë Greaves,!' Mundy,!? and Morgan.!*8 

Dehydroxylation of hydroxystearic triglyceride by heating with potas- 
sium persulphate at 250° C., yields a thin oil with good drying proper- 
ties 258 


Dehydrated Castor Oil Stand Oils 


Stand oils may be prepared from dehydrated castor oil by heating 
at 260^ C. or higher until the desired viscosity is attained. The acidity 
generally increases with the viscosity and may be as high as 20. The 
free acids, however, are said to be of a lower molecular weight than those 
which occur naturally in castor oil, and for this reason are claimed to 
be relatively free from a feeding tendency with basic pigments. Castor 
oil may be dehydrated in the presence of linseed oil at 240°-250° C. under 
vacuum to yield a mixed stand oil”! Mixed stand oils may be prepared 
by heating dehydrated castor oil and other drying oils (e.g. linseed, perilla) 
at 2607-300? C. Prolonged heating will cause gelation. 


Properties and Uses 


Dehydrated castor oil is an oil of unique qualities and some have 
claimed it as the ideal drying oil. It may be regarded, roughly, as inter- 
mediate in properties between linseed oil and tung oil. When drying it 
* sets off ” quicker than linseed oil but tends to leave a surface tack which 
does not readily disappear. The dried film 1s more flexible than that of 
tung oil and is more durable than either linseed or tung oil. Jt has out- 
standing ‘non-yellowing properties. Of the drying oils it holds pride of 
place for this property whether resistance to yellowing is required on 
exposure to light, to darkness, or on stoving. 

Like tung oil, if insufficiently driered or cooked it shows a definite 
tendency to frost but this defect is easily eradicated. Its water re- 
sistance is superior to that of linseed oil, whilst its reactivity with 100 
per cent phenol formaldehyde resins can be exploited to make good 
chemically resistant varnishes. An optimum cooking temperature of 

L6? C. is suggested. | 

Stoved films of dehydrated castor oil exhibit a marked tendency to- 
rivel and have only mediocre strength. They need to be reinforced with 
other oils or resins to overcome these defects. 

In decorative varnishes the oil can best be substituted for a mixture 
of linseed and tung oil. 


32 


Varnish Oils 


PROCESSED and Synrurtic Drying Os 


In the last two or three years, the position of synthetic drying oils 
in the varnish trade has undergone substantial and far-reaching changes. 
Many of these new products are available in commercial quantities, but 
in contrast, Trienol seems to have slipped quietly away out of sight and 
almost out of recollection. Its disappearance may be the direct result 
of the European conflict, in which case it may re-appear on the market. 

Improvements have been effected in drying oils in several different 
ways, but the products cannot always be regarded as truly synthetic 
in character. Jor convenience of consideration and to avoid confusion 
improved drying oils are sub-divided into two groups. The one includes 
oils produced chiefly by physical treatment, and these may be fairly de- 
scribed as processed. oils; the other group includes oils which have been 
produced by chemical treatment involving a definite change in chemical 
structure of the fatty acid chains, or reaction of fatty acids with alcohols 
other than the natural glycerol, The latter group embraces what may 
best be described as the true synthetic oils. 

The processed oils include those obtained by : 


1. Fractional Distillation of the Fatty Acids and Subsequent Re-estert- 
jication.—Improved drying oils are obtained by fractional distillation 
of the fatty acids themselves, and the object is to segregate acids with 
varying degrees of unsaturation, The more unsaturated acids are then 
re-esterified. This procedure has been shown to be definitely a com. 
mercial proposition, and a fatty acid, known as Neofat 19,177 is prepared 
from fatty acids from marine oils which are subjected to fractional steam. 
distillation under vacuum. The low boiling saturated acids are, in thig 
way, separated from the higher boiling unsaturated acids. Neofat 19 
can be re-esterified with any suitable polyalcohol or used in the pro- 
duction of alkyds made by the fatty acid method. 

Stingley is rather more explicit in the record of his own original re- 
search on the fractional distillation of the acids of marine oils, in that, 
he points out that it is the Ca, and Cpg acids which are separated and then 
esterified with glycerol. A rapid drying oil is obtained which, unfor- 
tunately, exhibits a tendency to brittleness on ageing. It is claimed to . 
be equivalent to linseed-tung oil mixtures. A mixture of 35 per cent 
of this synthetic oil with 65 per cent of soya bean oil is similar in per- 
formance to linseed oil. 


2, Molecular Distillation at High Vacua of the Vegetable Oils Them- 
selves.—This treatment has not been very successful, partly on account 
of expense, because extremely high vacua are necessary, and partly 
because of the difficulty of separating into convenient fractions the com-. 
plex mixjure of triglycerides present in the natural oils. Vacua of the 
order of 0-001 mm. of mercury are used, and. the heating. and: distilling . 
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surfaces are arranged to be very near each other. One om. has been 
cited as a convenient distance of separation. 

The process has been used with most success on the separation of stand 
oils into improved constituents. 

Waterman and Oosterhof *. succeeded in the molecular distillation 
of a 55 poise stand oil, into 32 per cent of unpolymerised distillate 
with a molecular weight of 757, and an undistilled residue with a 
high viscosity of 879 poises and a molecular weight of 3,460. Another 
worker claims to have separated ordinary linseed oil with an iodine value 
of 177-9 into fractions with iodine values varying from 148 {ο 190.155 
Oils with iodine values as low as 120 have been molecularly distilled, and. 
the non-volatile residues have been converted into useful drying stand 
oils.12° Wish oils have always presented drying problems to the varnish 
trade and it is not surprising, therefore, that their treatment by mole- 
cular distillation has formed the subject matter of several patents. 

The reported results of molecular distillations on natural oils have 
not always been highly successful. Details are given of the distillation 
of large batches of soya bean and corn oil at an average pressure of 
0-002 mm, Hg. With batches of 700-1000 gals., the rate of distillation 
was slow, being only 7-8 gals. per hour. No marked fractionation of 
the oils was achieved, but the process is valuable in that the unsaponi- 
fiable portion of the oil is removed in the first two fractions, and that most 
of the odorous and colouring matter is eliminated also.2%* 

On the whole, however, some measure of success has been achieved, 
in obtaining oils of a higher degree of unsaturation from oils, which 
normally, as such, are regarded as insufficiently unsaturated or which 
possess insufficient drying properties for certain varnish making purposes. 

3. Solvent Extraction Solvent extraction is practised on both natural 
and bodied fatty oils, although most of the success of the process has been 
achieved with the latter, The object is always to obtain better drying oils 
from the semi-drying kinds. Some idea of the effectiveness of fractional 
extraction of semi-drying oils can be obtained from the results of the work 
by Klemsmith and Kraybill on soya bean oil, with the common alcohols 
and furfural. Furfuryl alechol has also been suggested elsewhere as a 
suitable solvent. A fraction representing about 20 per cent of the original 
oil with an increase in iodine value of 6 per cent was produced.!95 

More encouraging results are reported by Bull and Wheeler who 
treated soya bean fatty acids with acetone in the approximate ratio of 
30 parts of acetone to 1 part of acid. Fifty per cent of acids with an 
iodine value of 180 were separated by crystallisation at —50° 0.198 
Fatty acids from menhaden mixed fatty acids, with an iodine value in 
excess of 235 were obtained by dissolution in 10 parts of solvent (hexane, 
petroleum ether, or amylene), followed by excessive cooling to —80° C. 
"The saturated acids are precipitated 157 

Light sardine oil stand oil (13 poises at 25? C.) is extracted, with an 
alcohol-ketone mixture. The original oil is, in this way, divided into 
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roughly equal parts. "Ehe part with drying properties is sold under the 
name of Polymerol A.? Dehydrated castor oil stand oil is improved 
after solvent extraction, using ethyl alcohol1?* 

*" folvents such as aniline, furfural, or polyethylene glycol, have also 
been used with fatty oils at such a temperature that two phases are 
maintained, but the temperature is not so low that solidification of the 
insoluble portion of the oil occurs. The more highly unsaturated tri- 
glycerides are extracted in this way. The saturated triglycerides 
remain undissolved. Temperatures down to —20° C. are suggested. 

In another process water is added to a solution of oil in furfural. 
Colouring matter, saturated constituents, and sterols are left in solution, 
whilst the unsaturated constituents are deposited.!7? 

Some methods of solvent separation involve the use of two solvents 
—the one substantially non-polar and the other strongly polar. Patented 
methods for the separation of natural triglycerides have been based on 
this treatment, the oil being divided into two parts.1%4 

Other processes involve fractional crystallisation after preliminary 
chemical treatment. By reason of the fact that fatty acids may be 
halogenated selectively, it is possible to segregate the halogenated acids 
by fractional crystallisation 183 

Natural fatty oils are subjected to alcoholysis by treatment with 
monohydric alcohols, suitable alcohols being methyl, ethyl or propyl 
alcohol, so that the fatty acid esters contain less than three ester groups 
per molecule. Subsequent treatment of the products with furfural 
results in a segregation of more unsaturated esters, and these then made ' 
to undergo further hydrolysis with glycerol9? 

The method of solvent extraction may be applied directly on materials 
such as seeds, ete., containing the oils. Furfural or furfuryl alcohol 
have been used for such extractions, and temperatures around 40° C. 
are used. When the oil has been extracted the solution is cooled, and 
this has the effect of separating the highly saturated glycerides as a 
liquid phase, The remainder is worked up to yield an improved oil." 

4. Removal of anti-oxidants in the naturally occurring oil by treat- 
ment with reagents like benzoyl peroxide." 

5. Adsorption Separation of Glycerides—Natural triglycerides may 
be separated into portions by dissolving them in a suitable hydrocarbon, 
and passing the resultant solution through a column packed with ad. 
sorbent material. Alumina has proved satisfactory for this purpose, 
but there appears to be considerable practical difficulties to overcome in 
the dissection of the packed column into convenient fraetions.98 

6. Electrical Treatment. —Results on the voltolisation of linseed oil 
have been reported. The oil was subjected to 5,200 volts and a fre- 
quency of 800, in an ozoniser, under a soft vacuum, in the presence of 
air or nitrogen for about fourteen hours. The voltolised oil was found 
to dry appreciably quicker and harder than a stand oil bodied at 285" C. 
for fourteen hours, or an oil blown at 200° C. for thirty-two hours.t*. 
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The synthetic oils include those obtained by :— 

1. Removal of Hydroxyl Group as in the Conversion of Castor Oil into 
the Dehydrated Product—Dehydration or dehydroxylation may be 
effected either on the oil itself, or on its constituent fatty acids which 
are then subsequently esterified. Such oils have been described in 
detail already under Dehydrated Castor Oil. 

2. Removal of the Kelo group from the licanic acid of oiticica oil by 
means of various reagents. Some of the most promising reagents for 
this purpose are semi-carbazide and substituted semi-carbazides, but 
nothing of commercial value has been obtained so far by these means.154 

3, Isomerisation of Unsaturated but Non-conjugated Oils into the 
Conjugated Variety—This has been accomplished in several ways, some 
of which have proved to be sound commercial propositions. 

Three types of isomerisation can occur, namely: structural, which 
involves movement of unsaturated bonds, atoms or groups of atoms; 
geometrical; and optical. Battline observes that oil isomerisation is 
nearly always structural with the possibility of some geometric, but that 
optical isomerisation has not, as yet, occupied much attention.£5 

(a) Treatment of the Drying or Semi-drying Ol, or the Constituent 
Fatty Acids, with Alkaline Solutions at Blevated Temperatures —Indue- 
tion of conjugation by means of alkali treatment is a very interesting 
phenomenon, but the process is costly in that after isomerisation has 
been effected on the fatty oil or its acids, the product has to be treated 
with mineral acid to liberate the isomerised acids from the alkali soap, 
and these in turn have to be re-esterified with a polyhydric alcohol. 

Isomerisation can be effected with several different alkaline materials, 
and the hydroxides of sodium, potassium and lithium have been used . 
successfully. Different solvents for the alkali modify the reaction, in | 
that although the speed of reaction is greater with an alcoholic solvent 
for a given temperature, an aqueous reagent permits the use of a higher 
temperature than that possible with the lower alcohols. A high tem- 
perature is, of course, &n important stimulator of saponifioations. 
Ethylene glycol gives good results as higher boiling solvent, but by 
comparison with water and industrial alcohol it is expensive.158 

Comparative isomerisation rates for the conversion of linolenic acid 
to pseudo elaeostearic acid (10, 12, 14-octadecatrienoic acid) in different 
solvents, as found by Kass and Burr (loc. cil.), are 7-25 days for aqueous- 
alcoholic potash, 6-24 hours for the butyl alcoholio reagent, and 1-2 
hours for the ethylene glycol reagent. 

The work of Bradley and Richardson in 1042155 following on the 
earlier researches of Dann and Moore,'*? has revealed the possibilities 
of isomerisation by saponification. Bradley and Richardson. treated 
the fatty acids of linseed, soya bean, sardine, and dehydrated castor oil, 
. with aqueous alkalies at 225? C. for two to three hours in aestainless 
steel vessel. The following results, obtained with linseed oil fatty 
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acids, provide an idea of the extent to which conjugatiou proceeds, 
Linseed oil fatty acids (75 ¢.), caustic soda (75 g.), and water (125 g.), 
subjected to the above conditions produced a mixture of acids consisting 
of 41-0 per cent of acids with two conjugated double bonds, and 8-2 per 
cent of acids with three conjugated double bonds. Tung oil acids, simi- 
larly treated, actually revealed a reduction in conjugation but more 
evidence seems to be necessary on this point. 

The presence of conjugated double bonds is very conveniently 
demonstrated by ultra-violet absorption spectrum measurements. 

The conjugation resulting from alkali treatment differs from the 
conjugation in the acids of the well-known drying oils, dehydrated 

castor and tung oil, in that it probably occurs in the 10, 12, and 10, 

» 14 positions respectively. 

Conjugated oils, it is generally agreed, body more rapidly than the 
untreated oils. At low viscosities conjugated linseed oil dries faster than 
ordinary linseed stand oil, but highly bodied conjugated oil loses much 
of this advantage; also it is reported that none of the conjugated oils 
so far examined gives harder films than those from the untreated. oils.17° 
Conjugated fatty acids are said. to increase the rate of alkyd formation, 
but it is not clear whether this is because of an acceleration of tre initial 
esterification reaction or of the subsequent polymerisation. 

(b) High Temperature Heat Treatment of Oils like Linseed 191-—High 
temperature treatment (350? C.) at 0-25 mm. with stirring, in an inert 
atmosphere, has resulted in the conversion of semni-drying oils like grape- 
seed, tomatoseed or rape oils, into oils with drying properties similar 
to those of linseed oil.1°8 n 

Bis oil is a product of the high temperature trentment of liuseed 
oil in the presence of air, and although the precise mechanism of the 
chemical processes involved have not been fully explained, it is known 
that oils with improved properties are obtained. Bis oils exhibit en- 
hanced drying properties and water resistance, which are equivalent to 
those of a 20 per cent tung oil-linseed stand oil mixture. Weatherston 1 
believes that the oxygen of the air acts as a polymerisation catalyst and 
is not retained in the molecule. It may be that the improvements in 
properties resulting from the above treatment are caused by isomerisa- | 
tion of the original oil. 

Tt is claimed also, that irrespective of viscosity, Bis oils are compatible 
with basic pigments, and that acid values are lower than those of closed 
pot stand oils of similar viscosity. High temperature oxidation of or- 
ganic esters, as typified by fatty acid triglycerides, definitely results in 
a certain amount of decomposition and elimination of fatty acids, and 
it can only be assumed that in the Bis oil process as used in this country, 
the acids are distilled away. It is interesting to observe that no claim 
is made that Bis oils have lower acid values than similar open pot stand 
oils. . Thése latter are usually of lower acidity than the closed pot variety, . 
and the difference in this case is commonly attributed to loss of acid by . 
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unhampered distillation. The hydroxyl values of Bis oils are lower than 
those of the ordinary low temperature blown oils, and they do not react 
readily with certain types of phenolic resin. 

Bis oil is made by blowing a selected grade of linseed oil at tem- 
peratures about 300° C48 A violent exothermic reaction occurs and 
no further direct heating is found necessary to maintain the temperature. 

The Plastybcols are vegetable drying oil products, from linseed oil, 
produced by an undisclosed method, but different from that used for 
Bis oils. The method does, however, involve a combination of high 
temperature polymerisation and oxidation processes, and the improved 
properties obtained are believed to be explained by induced iso- 
merisation.” 

Several grades of this type of oil are made as follows: Plastybcol 90 
has & viscosity of 90 poises at 25° C., an acid value of about 20, and an 
hydroxyl value of 30; another grade with an acid value of less than 
10 is made; anda third grade with the high viscosity of 150 poises. 

The particular advantages claimed for these oils are improved drying 
speed, film hardness, freedom from tack, and water resistance, by com- 
parison with ordinary stand oils; but especially a considerably acceler- 
ated gelation rate on heating. Plastybeol 90 gels in fifteen minutes 
at 324°C. and in forty-seven minutes at 315°C. In addition, when 
used with varnishes based on Congo copal, no maturing is necessary 
because no subsequent turbidity develops, 

A conjugated linseed oil, manufactured in America also by an undis- 
closed method under the name of Conjualin,!™ is said to gel in about 
seven minutes at 315? C. Tung oil at the same temperature requires 
about: five minutes’ treatment. A temperature of 315°C. is usually 
regarded in Great Britain. as somewhat high for varnish manufacture or 
oil boiling, except perhaps in the initial stages of oiling down a hoi, 
freshly run copal, and it may be that the close resemblance to the poly- 
merising properties of tung oil by this oil is only exhibited at this rather 
unusual temperature. It is reasonable to assume that tho divergenoy 
between Conjulin and similar oils, by comparison with tung oil, will be 
more pronounced at the more popular varnish-making temperatures. 
Nevertheless, if makers’ claims are widely substantiated in use, pro- 
duction of these oils must be regarded as a meritorious achievement. 
A conjugated soya bean oil has also been made commercially, but aa 
with Conjulin, details of manufacture are not disclosed. 

Cottonseed oil can be converted into a drying oil by simultaneous 
oxidation and polymerisation treatment.?" 

(c) Lower Temperature Heat Treatment of Drying Oils in the Presence 
of Catalysts (e.g. Sulphur Dioxide) under PressureJ9— A rapid drying 
oil with no tendency to frost is made by heating linseed oil at 196? C., 
and blowing with sulphur dioxide for one hour, under a pressure of 150 
atmospheres. Other oils which have been treated satisfactorily by this 
process are soya bean, cod and sperm oils,.164 
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(d) Treatment of Vegetable Oils by Activated Fuller's Harth—This 
simple treatment was found to give a slight but noticeable improvement in 
conjugation 343 
(e) Low Temperature Blowing followed by Solvent Eaxtraction.—Oils of 
the type of linseed, hompseed, or soya bean, are blown with air at just 
above ambient temperature and subjected to solvent extraction with 
alcohol. A conjugated liquid drying oil, soluble in aliphatic hydrocarbons, 
is obtained, as the residue.175 
The Degree of Conjugation of several Varnish Oils.—The following 
table constructed from the results of Bradley and. Richardson (loc. cit.), who 
estimated the proportion of conjugated double bonds in oils by measur- 
ing their ultra-violet absorptions at various wave-lengths, shows the 
distribution of conjugated double bonds in the more popular varnish oils. 

















Pereantage of Acids with Conjugated Double Bonds. 
Natural Oil ~ 7 
Two Double Three Double Tour Double 
Bonds. Bonds. Bonds, 
Castor. . ` 0-23 0-02 00025 
Jastor dehydrated 28-40 0-19 0-00 
Cottonseed . 0:41 0-06 0-00 
Linseed 0-69 0:13 0-04 
Oiticica 0-00 75:80 0-31 
Perilla 0-53 0-19 0-06 
Sardine 0-66 0-05 0-02 
Soya bean 0-79 0:13 0-02 
Tung oil 0-00 84-50 0-38 
1 





4, Selective Saponification of Drying Oil Fatty Acids, followed by 
Jistevification.—ln this connection it has been reported that partial 
hydrolysis of the non-drying cottonseed oil at 100? C. with caustic soda 
results in the splitting off of the unsaturated fatty acids. The saturated 
acids are claimed, strangely it seems, to be unattacked. The sodium 
soaps of the unsaturated acids are treated with mineral acid, the fatty 
acids liberated, and esterified with glycerol, The resultant oil dries in 
the amazing time of three hours.13° 

5. Dimerisation of Drying or Semi-drying Oil Patty Acids followed by 
Esterification.—Oils with inferior drying properties, such as cottonseed, 
maize, or soya bean oil, by suitable treatment, can be converted into oils, 
at least the equals of the recognised drying oils. According to Cowan 
and f'alkenburg, the fatty acids from the semi-drying oils are first poly- 
merised to form more complex molecules from two or three acid mole- 
cules—dimerie or trimeric acids. After removal of monomeric acid, 
the polymeric acids are reacted with suitable trihydrie or other poly- 
hydric alcohols!" Cowan also notes that polymeric acids, whether . 
dimeric Ór trimeric, from the polymerised oils derived from maize, 
cottonseed and dehydrated castor oils, were similar in properties. These 
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polymeric acids are very interesting intermediates, for the dimeric acid 
has two reactive carboxyl groups and the trimeric acid, three. The 
polymeric acids may be reacted with polyhydric alcohols to yield poly- 
meric esters with free hydroxyl groups. "The free hydroxyl groups may 
then be reacted with the calculated amount of monomeric fatty acids, 
which may be the fatty acids of the original natural fatty oil. 

Synthetic oils produced by this method dry much better than linseed 
oil, and have superior alkali and water resistance.. These improvements 
are not, however, observed in an ester gum varnish formulation, but 
this does not mean that the synthetic oils are generally not particularly 
satisfactory for varnishes, but rather that they can be exploited to best 
advantage only with certain other selected varnish constituents. This 
is, of course, equally true of most raw materials and. intermediates. 

6. “sterification of Drying Oil Fatty Acids with Higher Alcohols such 
as Penta-erythritol, Mannitol, ete—A very comprehensive review of the 
preparation, properties, and uses of polyhydric alcohol esters of fatty 
acids containing more than eight carbon atoms has appeared 
recently.154 

Drying esters from penta-erythritol seem to be a certain step in 
synthetic drying oil production of the near future. Penta-erythritol 
will, it is believed, become available at a reasonable price at or before 
the cessation of hostilities, and much work is already being performed 
in research laboratories, to exploit its very valuable properties. It is 
chiefly interesting because of its four reactive primary hydroxyl groups. 
Some of the penta-erythritol available contains a proportion of dipenta- 
erythritol, derived from the interaction of two penta-erythritol molecules. 
The resultant product contains six hydroxyl groups. The presence of 
dipenta-erythritol, is, therefore, no disadvantage when the object is to 
build up molecules of considerable size. | 

The following patent 55 covers the reaction between drying oil fatty 
acids or the oils themselves and dipenta-erythritol, a reaction occurring 
with or without the assistance of catalysts. When fatty acids are used, 
the unreacted acids are removed by extraction with alcohol. The free 
glycerol, from the reaction with the drying oils is removed by passing.a 
stream of inert gas through the product or by subjecting it to a vacuum 
distillation. Good water resistance and drying properties are claimed 

. from these esters. E 

Blagonravova and Drinberg #44 have conducted a considerable amount 
of work on the esterification of drying oil fatty acids with penta-erythritol, 
and their final method. of procedure was to heat the fatty acids with up 
to 50 per cent excess of penta-erythritolfor six to ten hours at 2007-220? C. 
Burrell, however, claims a greater reaction rate both for aleoholysis of 
triglycerides with penta-erythritol, and for esterification of fatty acids, 

if catalysts in the form of oil soluble salts of lithium, zinc, cadmium and 
the alkaline earths are present. In particular, the naphthenate} stearate, 
and resinate, are given as examples of excellent catalysts.259 
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The penta-erythritol.drying oil fatty. acid esters show enhanced 
drying properties as evidenced not only by a greater rate of drving but 
by harder films. They have, in addition, excellent water resistance. 

Blagonravova and Drinberg also demonstrated that the penta-ery- 
thritol esters of mono unsaturated fatty acids also possess appreciable 
drying properties. This seems to open another new field, for the penta- 
erythritol tetra-oleate air-dried to a dust-free condition in forty-eight 
hours. 

Synthetic oils from drying oil fatty acids and mannitol are also safe 
prophecies. 

7. Treatment of unsaturated drying oils with halogens or their oxyacids, 
followed by splitting off of halogen acid, is claimed to yield oils of enhanced 
unsaturation 14 

Unsaturated acids of non-drying oils have been treated also by a 
similar process to give, ultimately, esters suitable for use in varnishes, 
for example: oleic acid is chlorinated to give the dichlorstearic acid, 
aud this is reacted with caustic soda to eliminate the chlorine. An 
acid with two double bonds is set free from the soap, and esterified.157 

The hypochlorous acid addition compound from octadecadiene 9 : 11 
acid triglyceride, described as a chloroxy oil, has been found to have 
excellent drying properties.?" 

Semi-drying oils and petroleum have been chlorinated and then 
dechlorinated to provide pr ‘oducts with increased unsaturation and 
improved drying power.100 

8. Ozonisation.— Both castor and srapesced oil have been subjected 
to the action of ozone at 150° C., with the elimination of water and an 
improvement in drying properties? There does not, however, appear 
to be any indications that this treatment will prove of commercial value. 

9. Treatment of Drying Oils with Maleic Acid-—A product resembling 
wood oil is claimed by heating linseed oil at 205° C. for several hours in 
an oxygen-free atmosphere. 158. 

10. Heat Treatment of Drying Oils with Miscellaneous Reagenis at 
200? C. or a suitable alternative High Temperature, improves" the. Bate 
of Drying—Vhe following are reagents credited with this property 
according to several recent American patents: mineral acids, and 
acids such as f-naphthol-3, 6, 8-tri.sulphonie and trichloravetic acids ; 
compounds capable of yielding nitrogen-containing acids; naphthyl- 
amine; chlorides of zine and cadmium; sodium hydrogen sulphate 
and ammonium iodide159 . 

The drying properties of soya bean, corn, and cottonseed oils have 
, been improved by heating at a similar temperature (2007-250? C.) with 
0-1 per cent of calcium hydroxide or linoleate, for up to eighteen hours.174 

ll. Reactions Involving Hydrocarbons and Compounds other than 
Fatty Acids or their Esters, yielding Oily Products with Drying Properties, 
--1 and? 2 chloro-1-propene in the presence of aluminium chloride gives 
a product with drying properties.46® Olefines may also be-polymerised © 
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in the presence of the same reagent to yield drying oils of high molecular 
weight. Dialkene has been used as the basis of drying oils.1% 

Hydrocarbons, free from oxygen-containing compounds, are reacted 
with phosgene and aluminium chloride at 40°-80° C. Drying oils, of a 
fluorescent’ orange colour, miscible with linseed and other oils, are 
obtained 1% 

Light oil fractions derived from the pyrolysis of petroleum are poly- 
merised. iu à solvent with 1:25—1-50 per cent of aluminium chloride. After 
neutralisation and distillation, an oil drying in about twenty hours is 
obtained.1? 

Sulphuric acid has also been used as a polymerising agent for un- 
saturated hydrocarbons from cracked petroleum distillate. “After treat- 
ment, the acid sludge is removed, and the polymerised hydrocarbons - 
are recovered after neutralisation and distillation, The product hardens 
on exposure to air.t? 

The esters obtained from a condensation of chlorinated unsaturated 
petroleum compounds, and the sodium salts of carboxylic acids from the 
oxidation of petroleum hydrocarbons, possess drying properties. 

Hydrogenation and simultaneous polymerisation of vinylacetylene 
yields drying products.1 

The Oronite drying oil extenders, formerly known as Orolin, claim 
to be entirely new aromatic drying oils, and are available in quantity. 
Their precise method of manufacture is not disclosed, but they are de- 
scribed as unsaturated cyclic hydrocarbon polymers,.and are quite 
distinct from lubricating oil extracts or the by-products from the “ Gray " 
tower process. 

Many grades are made, all reddish-brown fluorescent products, vary- 
ing in consistency from true liquids to soft solids. They are all sub- 
stantially neutral and have a degree of unsaturation as measured by the 
iodine value (Wijs) of 160-180*. Their weights per gallon (American) 
range from 7-9 to 8-6 Ib. 

They are suggested for use with fatty drying oils but are not recom- 
mended as direct substitutes. They may be co- polymerised. by heating 
with the fatty oils, but this is an operation which must be conducted 
with precaution because the lower members of the series have flash- 
points as low as 225° F. (C.0.C.), and the most non-volatile product only 
480° F. Probably the safest way to use them is as a check back when 
all lights are extinguished. 

Because of their chemical constitution these oils possess good acid 
and alkali resistance, and excellent solvent properties for most varnish 
constituents, 

The Oronites dry with the usual driers to yield hard tack-free films, 
although the films are very prone to yellow on ageing. 

12. Introduction of hydroxyl groups into unsaturated oil molecules with 
poor drying properties, and the subsequent removal of water by heating 
in the presence of a catalyst. Soya bean oil is heated with an oxygen- 
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containing gas under conditions designed ta cause hydroxylation without 
appreciable polymerisation. The produet is then “dehydrated” in a 
manner similar to that employed for castor oil, by further heating with 
a substance like sodium bisulphate or kaolin. An oil with conjugated 
double bonds and drying properties, superior to those of the original oil 
is obtained 16 

Other oils such as mushroom, tobaceo, corn, sunflower and seal oils, 
have been treated by a similar process involving oxidation by means of 
air at 150? C., resulting in the introduction of hydroxyl groups, followed 
by dehydration at 280° C., in the presence of alumina and metallic zine?” 
In this instance also, the resultant oils are more unsaturated than the 
original oils and dry better than the ordinary stand oil or oxidised oil. 
A fraction obtained from the product by acetone extraction resembled 
linseed oil. 

Selenium dioxide, in the proportion of one half molecule to each 
triglyceride molecule, is capable of oxidising an unsaturated fatty oil, 
so that an hydroxyl group is induced next to the double bond of one 
of the acid chains of the oil molecule. After dehydration as indicated 
above, which results in the production of a conjugated system, a further 
treatment may be given with the selenium dioxide, to cause more con- 
jugation in the ultimate oil. With linseed oil, nearly complete conjuga- 
tion is claimed by this method, but it is emphasised that the step by step 
treatment is necessary if uncontrolled oxidation is to be avoided.!9t 

Oleic acid is converted into dihydroxystearie acid from which octa- 
decadiene 8:10 acid is obtained by the Kraft reaction,?" and this is 
subsequently esterified to provide a drying oil. 

13. Miscellaneous Methods.—A drying oil has been made from the 
reaction between rosin and drying oils, or ester gum, at 260°-325° C. 
using fuller's earth as catalyst. 3 Tall oil has also featured in many 
so-called synthetic oils of recent years. 

The polyesters derived from unsaturated acids like maleic or fumaric 
acids and glycerol and glycol, set to films at ordinary temperatures, 
especially if metallic accelerators are present.!94 

Polymerised oils are claimed by pre-treating vegetable or fish oils 
for periods of from two to ten hours at stand oil-making temperatures 
(285°-290° C.); the products are then co-polymerised at a much lower 
temperature (150° C.), with lower diene hydrocarbons, using catalysts 
such as metallic sodium or diazo-amino-benzene 17 

Monomeric vinyl compounds have been co-polymerised with stand 
oil extracts.188 

The products from both oiticica and po-yok oils, after four hours’ 
treatment at 200°C. with acetic anhydride and anhydrous sodium 

. acetate, can be used with modified phenol formaldehyde resins to give 
rapid drying water resistant varnishes.2!8 

The slrying of ordinary drying oils is enhanced, and semi-drying oils 
are converted into better drying oils, by a prolonged heat treatment 
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(2-18 hrs.) at 200°--250° C. in the presence of 0-1 per cent of alkaline 
hydroxide.? 21 


RARER OILS 

Bonito Oil 

Derived from Futhynnus pelamys. This oil is interesting, chiefly 
because it contains highly unsaturated acids. Ueno and Matsuda 1” 
have reported the existence of an acid corresponding with C,,H.) 0s, 
a Cig acid with four double bonds, Cy, acids with four and five double 
bonds, a Cy. acid, and an acid with seven double bonds. Subsequent 
work has shown that the C,, acids consist of gadoleic, eicosatetraenie, 
eicosapentaenio, and cocosahexaenic acids. In addition, the presence 
of a Ομ acid, named bonitonic acid, is reported, with a formula of 
CoH, 05.28 Matsuoka and Ucno 1% have discovered, in addition, the 
existence of a number of saturated acids; stearic, palmitic, behenic, 
arachidie aud myristie. 


Bagillambang Oil. (Soft Lumbang Oil) 


The oil is obtained from Aleurites trisperma indigenous to the Philip- 
pines. It has good drying properties, due, no doubt, to the high 
percentage of elaeostearic acid which it contains.1° 


Cacahuananche (Licania arborea) Seed Oil. 


This, like oitieiea oil, is à product of South America, and the oil 
resembles Brazilian oiticica oil, not only in its source of origin, but in 
its composition also, Jt is, in fact, actually described as Mexican oiticica 
oil. 

The percentage composition of its glycerides is : 


Per cent 320 


Licanic . . . . : . , . . 009-3 
Linoleic . . . 7:6 
Oleic . 5-4 
Elacostearic . . . . . . . © a 56 
Saturated . . . . . . . . . 11-6 
Unsaponifiablo . . . . . . 05 


but the composition varies according to the ripeness of the fruit, 
It polymerises very well, giving a Browne heat test figure of 15-5 mins. 
There is every indication that it is a valuable drying oil for use in 
varnishes, and it can be handled and used in a manner similar to that 
for oiticica oil. 


-Oil from Nuts of the Cansancao Tree εν 

This tree, indigenous to Brazil, yields nuts, the kernels of which pro- 
vide about 30 per cent of an oil which resembles refined. cottonseed oil. 
It has an iodine value of 130 and is suggested as a substitute for soya 
bean oil, The tree is known also as Peñas, Cnidoscolus marcgrewii, and 
Jatropha oligandra.®® 
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This is derived from the Mexican Salvia hispwnica. Experimental 
plantings in the U.S.A. have proved to be unsuccessful. The percentage 
compositson of the oil is 


: . Per eent 
Linoleic acid . . . . . . . 45-2-30:8 
Linolenie acid . . A . ` . . 80:3-50-2 
Oleic acid . . ` ^ . R . . 0-7—0-0 
Saturated acids — . . . . . . . 8:1 


The heat treated oil dries better than linseed, but not quite so good 
as perilla oil. It does not polymerise so rapidly as linseed oil on heating, 
and yellows more on stoving. Gardner “9 has suggested it as a sub- 
stitute for linseed oil in varnishes. 


Corn Salad Oil 

This oil resembles poppyseed oil in composition. It dries in about 
forty-eight hours without drier. ™ 
Eel Oil 


This oil is obtained from Anguilla fluviatilis and has fatty acids of 
the following composition : 


Per cent 
Linoleic acid . . . . . . . . 3165 
Linolenic acid . . ; . . . . . 17-0 
Oleie acid  . . τι . . . - . . 33-2 


Saturated acid =. . . . . . . « 13-5 
Pritzker and Jungkung obtained an iodine value of 133 for the extracted 
ο1].547 


Elderberry Seed Oil 


Tt is derived from the seeds of Sambucus canadensis. Although its 
iodine value, 162-171-7, is lower than that of linseed oil jt is claimed to 
dry quicker and for this reason it is a possible substitute. 1? 


Oil from Garcia Nutans 


Gardner and Westgate have examined a sample of oil from Mexican 
seed. with encouraging results. The tree, which is of the Euphorbiaceae 
class, is really native to Venezuela, but it occurs also to some extent in 
Mexico. The Mexican oil was found to have similar polymerising prop- 
erties to tung oil with superior alkali resistance.*15 


Grapeseed Oif 


The oil is obtained by expression from the seeds of Vitis vinifera and 
Vitis riparia, which are found in France, Italy, Germany and the United 
States of America. The composition of its acids is. ` 


Per cent 
Saturated acids om oss . . a . 53 9:3 
Qleie acid , . . . . , . . 8231-444 
Linoleic acid . - . f . . EM » 46-0-55-3 


Linolenic acid . . . . e ᾿ . 01-23 
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In Italy the dry seeds of both black and white grapes are processed 
and the former gives a slightly better yield. The oil is obtained by ` 
expression, or extraction with solvents such as benzine, ether or tri. 
chlorethylene* Extraction of the ground seed gives better yields 
than pressing. 

Its value as a paint or varnish oil has been estimated differently by 
various workers, but generally it may be claimed to have fair drying 
properties. Thus, its inclusion in varnishes becomes a possibility. It 
is said to dry quickly but to retain its tack for a long time. Gardner 
states it to be superior in its properties to soya bean oil, whereas Brambilla 
and Balbi claim it as a satisfactory substitute for linseed oil or for use 
in admixtures with it/™ Balbi subsequently classified it among sunflower, 
soya, poppysecd, and tobacco seed oils, and pointed out that for two 
years it had been used successfully in the Italian Paint and Varnish 
Industry. An opposing view is held by others, who prophesy few 
applications for it by reason of its poor drying properties, but a large 
volume of work has been conducted on it in Italy during the war, and 
although absence of other drying oils may have stimulated this interest, 
its properties must be worthy, in some measure, of exploitation. As 
a mixed stand oil, consisting of one part grapeseed oil to two parts of 
tung oil, it may become useful.) Pale grapeseed oil stand oils with 
high acid values are prepared by heating at 330? C. for eight hours in 
an atmosphere of carbon dioxide. The stand oils are said to have good 
drying propertios.!!9 For the preparation of stand oils it is necessary 
to use the refined oil and the actual heating is best conducted under 
reduced pressure ?9 


Hempseed Oil 


Hempseed oil has attained some popularity as a paint oil in Con- 
tinental Europe. It is produced from the sees of Cannabis sativa 
which grows chiefly in North America, Japan, India and Western Europe, 
although some have been cultivated in the United States of America. 
The percentage composition of its acids is 


Per cent 
Saturated acids . . . P . . . . 101 
Oleic acid . . . . . . . . . 126 
Linoleic acid . . . . . : . .. . B8 
Linolenie acid . . . . . . . . 948 


The oil possesses a characteristic green colour, and although it does 
not dry so quickly as linseed oil, it is claimed to have better non-yellowing 
properties and water resistance.’ Heat-treated oils exhibit improved 
drying properties. - 


Isano Oil 


„The oil is obtained from the kernels of the nuts of an Afri8an tree, 
Ongokea klaineane. The oil in the untreated condition does not dry, 
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but heat treatment induces striking drying properties. Heating causes 
quite a violent exothermic reaction, and as with tung oil, careful super- 
vision is needed to avoid gelation. One method of treatment consists 
iu refluxing the isano oil with a high boiling petroleum hydrocarbon, 
and removing the solvent subsequently by distillation. t is best heat 
treated in the presence of other varnish making oils, and the resultant 
products are claimed to have exceptional properties. Ewen when isano 
oil is diluted with four times its own weight of linseed oil, the mixture 
polymerises rapidly in three hours at 9505 C. to give a fairly viscous 
stand oil, The resultant oil dries very much more rapidly than linseed 
stand oil, and has much superior water resistance. Similar advantages 
are claimed for soya bean-isano stand οἶ]ε, 303 

Pierre hag published some information on the composition of the oil, 
and in addition to saturated acids and acids like oleic, it contains “ ery- 
throgenie acid " which he believes has a double bond and two triple bonds 
(C,4H,,0,).9* Steger and Van Loon report the presence of at least one 
unsaturated hydroxy acid. 


Hisperis Matronalis Seed Oil 

Steger and Van Loon have noted its resemblanee to linseed and perilla 
oils. If it is anything like the latter, it should. be a useful varnish oil. 
Its iodine value is given as 190-198, and varnish makers will be inter- 
ested to examine it further if it promises to be regularly available in 
quantity 249 


Lallemantia Oil - 

Oils from various species of Lallemantia, native to Russia and Spain, 
have been examined with encouraging results. The oils possess good 
drying properties and are possible substitutes for linseed 011.309 


Lumbang Oil. (Candlenut oil) . 

The oil is obtained from the seeds of Aleurites smoluccana which is 
found in the Philippines, India, Australia and Java. Cultivation has 
been tried also in Florida, Brazil and the West Indies. The percentage 


composition of its acids is 
Per cent 


Saturated acids . , . . . . . B1- 28 
Oleie ncid . . - . . . . -. 411-001 
Linoleic acid . . . . NN . . ae -4—49-0 
Linolenie aeid . . . κ ον . 6-7— 7-8 


It has been used in paints and varnishes but its drying properties 
are not too good, Gardner showed that on heating a sample of oil with 
acid value 46, it decreased to 16-5.118 


Nigerseed Oil 


. Yt is the oil from the seeds of Guizotia oleifera or Guizotia abyssinica, 
which are: grown in Abyssinia, the Indies and India... The oil has a 
4T 
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pleasant smell and a golden-yellow colour. The approximate percentage 
composition of its acids is 


Per cont 
Saturated acids . . . . . . . . 9.8 
Oleic acid 32.0 
Linoleic acid . 57-3 


Vidyarthi and Mallya have recorded the actual percentage composi- 
tion of the oil on the individual mixed triglycerides present, which were 
separated and namoed.*t 

The undriered oil dries in four to eight days but the addition of driers 
reduces this to one day. Heat treatment of the oil reduces the drying 
time to eleven hours with driers.” 


Orange Seed Oil 


The percentage composition of the fatty acids of this oil indicates 
its possibilities in varnish manufacture. A recent analysis gives the 
following —— 


Per cent 
Linoleic acid . . . . . . . . 46-7 
Linolenic acid . $t s . R . . . 0:6 
Oleic acid. . ᾿ . . . . . . 21-0 228 


Poppyseed Oil 


Papaver Somniferwm grown in India, Asia Minor, Russia and France 
is the source of this oil. Tt is generally obtained by cold or hot expres- 
sion. The percentage composition of its acids is 


Per cent 
Saturated acids . . . . . , . . Ul 
Oleic acid . . . . . τ. . . » 30- i 
Linoleie acid . . . . » G2: 


Sun-bleached oil for artists? use ; has been known for contusion but it 
enjoys no popularity as a constituent of decorative varnishes. 

There is another oil, known as Mexican poppyseed oil (Argemone 
mexicana), but a sample of this from a Nigerian source is reported to 
possess poor drying properties.H8 


m 


Po-Yok Oil 


It is sometimes described also as po-yoak oil. The former is ap- 
parently derived from the seeds of Afrolicania elacosperma, and po-yoak 
oil trom Parinarium sherbroense. Both species are indigenous to West 
Africa and it is possible that the oils available commercially are mixtures 
of the two types. 

The oil from Parinariwm sherbroense has been examined by Steger and 
Van Loon 10 and found to contain approximately three parts of licanic 
acid to two parts of elacostearic acid, some stearic and oleic acids. They 
conclude it to be between tung and oiticica oil in its properties, although 
REheineck ?! observes that it approximates more closely to oificica oil. 
In his opinion, since the source of the oil is at present confined to Sierra 
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Leone, it could not supply the demands of industry for another twenty 
years. 

The possibilities of po-yok oil as a substitute for tung oil in varnishes 
have also been examined. critically by the Research Association of British 
Paint, Colour, and Varnish Manufacturers, and their conclusions have 
been published in Research Memorandum No. 53, 1942. The following 
notes summarise the investigation. 

The oil resembles tung oil in that it webs on drying. The undriered 
oil becomes skin dry in twenty-four hours, but several days are necessary 
for through-drying. The resultant film is cloudy and inelastic. With 
cobalt driers through drying is effected in twenty-four hours. In var- 
nishes, those based on po-yok oil require 10-25 per cent. longer drying 
time than similar tung oil varnishes. 

The bodying rate of po-yok oil on heating is between that of tung and 
linseed oils, but much nearer the former. It yields a light stand oil 
after thirty minutes treatment at 220°-240° C. The bodied oil appears 
to dry appreciably more quickly than the raw oil. 

The oil is compatible with the normal natural and synthetic resins. 
Films of suitably formulated varnishes, involving modified phenolic 
resins, resist the action of boiling water in a manner similar to correspond- 
ing tung oil films. The po-yok films also demonstrate good cold water 
and alkali resistance. 


Ragweed Seed Oil 


This is another of the rarer oils which might be valuable ag a varnish 
oil. It dries fairly well and polymerises on heating. The percentage 
composition of its fatty acids is given as : 


Per cent 
Linoloie acid . . . : . κ. e 070.022 
Oleic acid . . . . : . . . . 20-0 
Saturated acid. . . . . . . . . 10-0 


Road Thistle Seed Oil (Onopordon Acanthium Seed Oil) 

This oil was brought to light by Steger and Van Loon, who comment 
upon its similarity to poppyseed oil. The percentage composition of its 
acids is given as: 


Per cent 
Linoloio acid 5s . , . . . Jo 64.0 Me 
Linolenic acid . . . . . . . ΜῈ 
Oleic acid. . . . . . . ᾿ . 0254 


Safflower Oil 


Carthamus tinctorius, which grows in Egypt, Russia and India, is the 
source of this oil. The percentage composition of its acids is 


: . Per cent 
Saturated acids . . . . : . . 100- 62 
Hleic acid . ` . . . . . . 26:3-38-0 
Linoleie acid . κο τον . , . . . BLl0-074 


Linolenic acid . . . E 2074 Ol- 1-0 
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On heating, the oil deposits no break. Rehbein states that the oil 
dries as quickly as linseed oil; others say that it resembles soya bean 
oil, but Van Loon agrees that it can replace linseed oil for some purposes. 2 
The processes involved in the drying of this oil on exposure to air or oxygen 
are rather unusual. The weight of the drying film increases initially by 
about 9 per cent. because of oxygen absorption, but thereafter a rapid 
decrease in weight occurs. After fourteen days, the film loses not only 
its initial gain in weight but a further 5 per cent also.*?1 

It bodies more slowly than linseed oil and when blown exhibits im- 
proved drying properties. ‘This improvement is perceptible after blowing 
with air at 50° ©. for forty hours, or with ozonised air for fifteen to twenty 
hours. <A boiled oil with cobalt as dricr, prepared by Remington, dried 
in eighteen hours. The relative durabilities of safflower oil and linseed 
oil are eontroversial!?3 It is valuable, however, by reason of its non- 
yellowing properties which have been recognised and are being exploited. 
The fact that the gel it forms on prolonged heating is easily dispersed in 
solvents has prompted the suggestion that it might be used in wet-on-wet 
paints.1?4 
Sandal Seed Oil 

‘This has been examined by Sreenivasaya and Narayana? who 
report that the oil dries well to give glossy and elastic films, which have 
good. insulating properties. 

Stillingia Oil 
The oil is obtained from Stillingia sebifera or Sapium sebiferwm which 


grows in China, India, Florida, Texas and California. The percentage 
composition of the fatty acids as glycerides is 1*4 


. Por cont 
Saturated acids . . . . . . . 9:1- 6:4 
Oleie acid . . . , . B . » 20425-5 
Linoleic acid . . . . . . . 51 9-858.5 
Linolenic acid . . . . ; . . 10:9- 8:0 


The oil is satisfactory for use in varnishes and is intermediate in 
properties between linseed oil and tung oil. It polymerises readily 
at 280? C. to form stand oils.!?6 


Stinging Nettle Seed Oil 

German, sources record the possibilities of the use of this oil, obtained 
from seeds by petroleum ether extraction. The iodine value of 151-2 
certainly makes the oil interesting, and its drying properties are between 
those of hemp and poppyseed oils??? 


Sunflower Oil 


It is derived from Helianthus annus which grows prolifically in Russia, 

' Argentine, India, China, Hungary, Roumania, Yugoslavia, the United 

States of America and Uruquay. It is usually obtained by expression. 
The percentage composition of its acids is 
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Per cont 
Saturated acids . . . . A . . 0—- ῃ.0 
Oleic acid . 
Linoleic acid 





Even with cobalt drier, sunflower oil requires twenty-six hours in 
which to dry but the removal of elaidin promotes a marked improve- 
ment in drying properties." Additions of 30-40 per cent. of sunflower 
oil to linseed oil yield a mixed oil of good drying properties. £^ 

Sunflower oil is used generally after blowing or as a boiled oil. Boiled 
oil, drying in about twenty-seven hours, is prepared using lead and 
manganese driers. Like safflower oil its chief use is in non-yellowing 
media. 


Tobacco Seed Oil . 
Tobacco (Nicotiana tobucum) seed. oil is produced in quantity in India 
(Madras Presidency) and could be, if desired, in Roumania also, 
The composition of this oil given by Roberts and Schutti indicates 
its possibilities as a drying oil.13? 
Per cont 


Saturated acids . . . . . . . . UT 
Linoleie aeid . . . . . . , ' . 10-4 
Oleie acid . . . ^ . . . ' » 16-3 


This composition is not, however, agreed unanimously, for Indian 
workers on the product from Virginia tobacco, grown in Madras, report 
the following analysis :—- 


Per cent 
Myristic acid 1.8 
Palmitie acid 7:8 
Stearie acid . . . - . , 56 
Oleic acid. . . . . , ‘ 30-2 
Linolenie acid . . . . . . . . 546 


The oil upon which these figures were obtained had au unusually low 
iodine value of 112-2 as against about 140. This was attributed to 
climatic conditions and may partly explain the difference in composition 327 
The possibility of such wide differences is a factor which a user cannot 
ignore. 

With driers the oil dries slightly better than linseed oil, and, moreover, 
it has reasonable exterior durability. Stand oils oan be prepared from 
itin the usual way by heating at 2907-300? C., and about eight hours’ 
treatment at 290° C. is necessary to give an oil of medium viscosity. 
The natural oil is dark in colour and the resultant stand oils are even 
darker, but if the original oil is carefully refined satisfactory pale products 
are obtained. l 


Tomato Seed Oil 
Bome attention has been devoted tọ a study of this oil in respect to 
its suitability as à paint and varnish oil, Ovanesian has reported on à 
sample of oil with an iodine value of 114. 
5l 
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The untreated oil required sixteen to seventeen days to dry but a 
boiled oil dried in two days.3* The dried film tends to remain tacky 
but the polymerised oil has good drying properties and may be used in 
varnishes as a substitute for linseed oil, or in admixture with 10.132 


Oil from Vernonia Anthelmintica Seeds 

This oil is interesting because it resembles castor oil, in that about 
60 per cent of the total weight of the fatty acids obtained from it con- 
sist of an isomeric ricinoleio acid—a straight chain hydroxy acid, 
C,3H,,03, which is ? rotatory, Halogen substitution occurs readily at 
the hydroxyl growp.?! 


Walnut Oil 


The oil is expressed from the kernels of Juglano regia. The ap- 
proximate percentage composition of its fatty acids is 


Per cent 
Saturated acids - . . . . . . 76- 0-4 
Oloie acids . . . . . . . . . 17-G-28-9 
Linoleic acid . . , . . . . . 4T:6-62.7 
Linolonic acid . . 10:0-15-9 


Tt is used chiefly as an artists’ oil, and exhibits little tendency to 
yellow. Α sample of Iguape Walnut oil examined by Silva 3? gave an 
iodine value of 1860.2, which is outside the normal limits of 140-150. 
The untreated oil dried slowly, but a light stand oil made by heating at 
280° C. for four hours dried satisfactorily, and could substitute linseed 
oil, 

Wild Rose Seed Oil 

The oil from wild-rose hips, constituting about 9-4 per cent of the 
total weight, has been examined for drying properties. The percentage 
composition of the fatty acids is 

Per cent 


Linoleic acid . . . t. . . . . 5671 
Linolenie acid . . . . B . . . 0485 
Oleic acid  . . . . . B , ` . 29-32 
Solid acids . . ` ' . 4:50 


After heat treatment at 250° C. the oil dries to a tack-free condition, 
‘but the untreated oil shows poor drying properties and a tendency 
to “ crawl.” 220 


Substitution of Tung Oil 


The ‘question of the substitution of tung oil by some other oil has 
been tackled by every varnish maker at some time or another. Before 
analysing the claims of the many substitutes which have been advocated, 
it is well to enumerate the important properties of tung oil. It is used 
primarily to provide varnishes which dry rapidly with freedom from 
residual tack. With careful formulation it yields, with modified and 
unmodified phenol formaldehyde resins, varnishes of outstandiag dura- 
bility, water and chemical resistance. 
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It is obvious that every ease of substitution must be considered on 
its merits, since oil length and ratio of oil constituents are important 
controlling factors. 

Apart from tung oil from sources other than China, there is only one 
oil which ean replace tung oil satisfactorily where it is unnecessary to 
consider these factors. Direct substitution is, possible with "Trienol 
[CH,(CH,), CH=-CH—CH=CH—CH=CH(CH,),(COO)], CyH,, which 
is the triglyceride of an acid containing three conjugated double bonds 
as in. tung oil. It has been claimed that Trienol is prepared by dehydrat- 
ing castor oil, treating the dehydrated oil with hypochlorous acid, and 
eliminating hydrochloric acid and water from the additive compound 
thus formed,48* This mechanism of the reaction as outlined by Blom 
has beer criticised and shown to be untenable. The only differences 
between Trienol and tung oil are that the gel obtained by heat treatment 
of the former is sticky rather than crumbly, and the acid value of Trienol 
is higher than that of tung oil. Neither of the differences, however, 
are of fundamental importance. The introduction of Trienol has not, 
as yet, eased the tung oil position, for, as indicated already, it has 
not become available in substantial quantity. 

The natural oil which resembles tung oil most in its properties is 
Po-Yok oil, but, as stated by Rheineck (loc. est), the possibility of it 
playing the rdle of tung oil completely is very remote, in view of the 
inadequacy of supply. An interesting report by Westgate states that 
the oil from Garcia nutans compares very favourably with tung oil.?99 

The remaining oils can substitute tung oil only in special cases, 
Oiticica oil possesses the characteristic odour of tung oil. Unlike tung 
oil, unless special care is taken at its expression to ensure permanent 
fluidity, it will be more difficult to handle subsequently in its pasty form, 
and will deteriorate seriously on storage as already described. Varnishes 
made from it will be darker than the corresponding tung oil varnishes 
although the dried films will exhibit no difference in colour. In medium 
and long oil varnishes generally, the substitution of citiciea oil will result 
in definitely slower drying, and a lower resistance to water and chemicals. 
À compromise oan be effected, however, by using blends of oiticica oil 
` and tung oil. For short oil varnishes, gold-sizes, and short oil stoving 
media, citicica oil ean replace tung oil without any detrimental effect. 
For exterior varnishes where durability is important substitutions should 
be made with caution. For the cheaper type of boat varnish on an 
ester gum basis oiticica oil is inferior to tung oil for durability. Oiticica 
oil tends to become brittle on ageing and its combination with ester gum 
provides the ideal condition for this to become apparent. The embrittle- 
ment can be checked by the inclusion of linseed or similar oils but this . 
will cause a further delay in the drying. The inferior durability of | 
oiticica oil is demonstrated also in modified phenol formaldehyde var- 
nishes. "With pure oil-reactive phenol formaldehyde resins oiticica, oil 
yields products of excellent durability, which have been claimed by somo” 
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to be superior to similar tung oil varnishes. Oiticica oil reacts more 
rapidly with pure alkyl phenolic resins than tung oil. In varnishes con- 
taining large amounts of linseed oil in relation to tung oil, oiticica oil 
can be used without serious loss of essential properties. 

Another aspirant to the position of tung oil is dehydrated castor oil. 
In spite of the many exaggerated claims it is, by no means, a direct 
substitute. Its inferiority is particularly evident in its slowness of dry. 
Whilst it sets quickly it retains a strong surface tack which lingers for 
many hours. In quick-drying exterior varnishes used in processes which 
necessitate rubbing down and the application of successive coats, this 
residual tack is a distinct disadvantage. Similarly, in stoving varnishes 
and cnamels where absence of residual tack is important, dehydrated 
castor oil will be found rarely suitable. The foregoing is not recorded 
of dehydrated castor oil disparagingly, for it possesses certain valuable 
and unique properties, but to emphasise its dissimilarity to tung oil. 
Unlike oiticica oil it does not become brittle on ageing and has a durability 
superior to that of tung oil. In short oil varnishes or in exterior varnishes 
where linseed oil preponderates it can replace tung oil. 

Perilla oil is not a direct substitute for tung oil in any cireum- 
stances. Tt dries much more slowly and has inferior water and chemical 
resistance. In exterior varnishes, however, rich in linseed oil and con- 
taming a small proportion of tung oil, it can replace a mixture of three 
parts of linseed oil and one part of tung oil with advantage. A varnish 
thus reformulated would exhibit little difference in speed of dry but a 
"permanently improved gloss and enhanced durability. 

Complete reformulation of a varnish will sometimes provide the 
means of partly eliminating tung oil; for example, the varnish may be 
shortened or resins such ag ester gum, limed rosin, copals or copal esters 
replaced by harder modified phenol formaldehyde resins. Varnishes 
containing small quantities of tung oil may have this substituted in 
some circumstances by blown linseed oil, if resistance to water is not an 
essential consideration 130 

Oil-chlorinated rubber and oil-cellulose ether compositions have 

. been suggested as tung oil substitutes but little progress has been made 
with them. 

Drinberg 137 claims that the pentaerythritol ester of linseed fatty 
acids, or highly unsaturated fatty acids of Japanese sardine oil, can 
substitute tung oil. 
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CONSTANTS OF QILS 



























i , x : Lefer- 
Oil. 8.G. RI. AN. ΒΥ. iy, | Ede 
Almond 0:918 (15-5? C.) -- 0-5-5.0 | 192-0 90-0 1 
Amoora . 0-930 (15? 0.) — --- 180-7 134-9 2 
Apricot kernel 0-9197 (155 09 — — 188-05 96-08 2 
0-9204. (15? C.) -- -- 198-2 108-7 3 
Arachis (ground- 
nut, poanut) 0:0175 (15-5? C.) . — 10:0 193-0 no 1 
Argemone (-0247 (15-5? C.) -- — 1978 119-9 6 
0-9259(15-5° C.) 190-3 122-5 6 
Basswood 0938 (15-5° C.) — — 178-1 111-0 7 
Beachnut 0:0205 ( C.) — — 196.379 | 111.911 — 
0-0328 (15? C)" — — 191-19. | 12041 — 
Ben 049190 (105 00118 — — 184-6 79.9 2 
0:9199 (15-5? C.)* — — 187-7 112-6 2. 
Bowrro 0-9205 (15? C. 14878 25-6 18241 209-7 1i 
(20^ C.) 
Brazil nut 90160 (155 C.) — — 1903-4 90-6 
106.22 11 
Buffalo gourd seed 
oil . . . — — — — 140.8 — 
CAOAHUANANGCHI: 
Seed oil (licamia -- 1-5163 0-8 187-3 153-0 86 
arboreu) . | 09707 (22? C.)58 --- 2-1):288 | 165-458 — — 
Cameline Corman | 0-9200 (15° G.)% — — 188-0 135-3 1 
^ É Sesamé | 0-9260 (157 0.) — — — Ed τι 
CANDLENUL 
(Luar ane) (adea- 
rites moluccana) 0-028 (18-5? C.) — — 193-0 164 2 
Castanha de eotia 
(Oil from) — — 0-7 194-3 153-5 83 
CASTOR 0-964 (15-5° €.) — — 180-0 88 1 
Castor Deny- 
DRATED (Dnanox) | 0-035 1845 1-8 190-5 134 17* 
Cedar nut . | 8-932 (0° Cy — — 191.818,19] 150.018 — 
to 0-930 (105 6.10 — — — [1955 | — 
Cherry kornel 0:0235—0-0238 -- — 104.8 110-8 11 
0-9285 20 — — 193-429 | 114-920 11 
CHIA 0-9338 (15° C.) 1:4855 OG 102.2 196.3. — 
Corn salad — ` — 1-2-87 — 145 21 
CorronsEEp 0-923 (15-5? C.) -— < 05 193-0 110.0 1 
Croton. 0:9375 (15-5° C.) — --- 192.923 88-9 2 
215-0 80-1 2 
Clover (white) — — — 189-5 110-7 2 
Clovor (red) , — — -- 189-9 124-3 2 
Coconut . . |. 09-0258 (15-5? Ci.) — 10 257-0 8-5 1 
Cod liver. 0:025 (15-5° C.) — Variable | 185-0 140-0 1 
170-0 1 
Cramp fish 0-909 — 0-8 -— 1073 3 
Dolphin body 0-9266 (15? C.) 1470826 197-324 | 328- — 
(Black-fish) - 9390-024 99-54 
126.935 — 
ELDERBERRY SEED — — — — 162-09 | — 
M15 — 
Essang (nsasana or 
sanga-sanga) — 140854 -- 19351 192.99 | — 
Fennel 0-9248 (15° C,) — — 1964 116-2 — 











*'The constants of this oil will vary considerably, according to tha degree of 
polymerisation and tho method of manufacture. 
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^80 

















i ; 1 r Ed TY Hefer- 
Oil. 8.0. RT AV, S.V. Lv. HN 
T'onugroek secd oil 
(Lrigonella foenun 
groecum) . 1:5789 — — 1884 85 
Fivscod. 092315 (5° C. — — 191-3 118-9 li 
(-9312 (15? C. — — -- 120-0 11 
Oil from Crareia 
Nutans . . — 1:525 — 189.2 177-9 90 
CGraposead 0.0225 (20? C.) 14765 4:7 184-4 ο 30 
Carden rocket 093834 — — 191.8 154-0 11 
165-3 11 
Haddock liver 00335 — 188-8 1549 9 
(0208 (15? €.) -- — — — — 
Tamemalis . 0918 (1556) --- -- -- 69.0 — 
Flenbauo seock 0:030 (15? C.) — — 1708 138-0 A1 
Horing . 9202 (15° C.) — -- 1730 131-0 25 
0-927 (15-5* C.)!* -— — 193.7 142-0 25 
Tompseed . 0-9391 — -- 191.0 148-0 3 
` Hipberry seed —- — -— — 155.2 32 
duglans manschuriea 
(Oil from) — 14790 --- — 158.0 33 
Kapok. 0-9237 (15° C,)4 --- — i814 | 117935 — 
205035 | I20-0 — 
Lulemania . » | 098338 (5070) — — 1858 162-1 37 
Lalleme antia (Rus- | 90-9335 (15° C.) 1484 — 180:8 177.5 209 
sian aod Spanish) (-9399 (185? C.) 1-485 — 195-3 197-0 — 
Ling liva . 09300 (157 0,) — 10-9 1841 192-0 25 
Luffa seal. 0-9254 (155° e. ) — 187-8 108-5 2 
LINSEED 0-033 (15-5^ C.) 14861 0-0-12-0 | 190-0 170-0 -- 
. 190-0 — 
' Linseed. (Arneriean. 197.8 
and Canadian) . — — — — 302-8 91 
Maizo . 0-925 (15-5? €.) — 6-0 1915 119-2 1 
MENHADEN 0-931 (15-5? CO.) — TO 183.0 160-0 1 
"Monkey face ioo ` . 
kernel (oil from 
Mallotus philip- 
pinensis) . 0:9333 15156 11-3 207.6 Li7-3 89 
Mulberryseed oil . | 0-031 — — 1964 140:1 87 
(fatty 
acids) 
Nicotiana rustica ` 
- (Oil from) — 28-0 — 152-0 38 
Niger 0:9270 (15.5 ? 0.99 1:472 188.05 | 126-08 — 
(0-0248 (15? C.)* — — 192.2 138-8 — 
Orrrerca 0-9770 (20? C.) 1-5090 «00 180.0 140-0 40 
0-9880 0" ο) 15130 —- 193-0 150:0 40 
Olive 0-916 (10-5? C.) -- 0-5~-50-0 | 190-5 83-0 1 
Onguelton (Oil iom) 1-5098 — — 232-0 41 
PERILLA . 0-937 (15-5 5? Q.) 1-487 --- 193-4 193.3 42 
Oceymoides— 
black 0-9350 (15° e) . | 1 410 1-2 1926 — 43 
white 0-9344 na 1-475 2.3 196-8 — 4: 
Burma . 09336 (15- a ὁ ) | 1-4816 1:7 181:3 193-4 44 
Nankinensis 0.9348 (185? C.) 1.414. 26 — | 1800 — 43 
: . 193-0 — 43 





Varnish Constituents 


C ONSTANTS OF Όπο--Ὁ fontinued 











Oil. 8.u. R.I. A.V. B.V. LY. 
To-Xox . . | 08612 (185? C.) 1:5082 6:0 188-0 149-9 
Psoralea drupacea 

(Oil fron.) . — — — 130-6 164-0 
Poppy . . | 0:925 (15-5? C.) — LÄ 192.5 134-0 
Palm . . | 0-922 (15-5° C.) — 20-185 | 2010 5450 

Porpoise body . | 06:026 (15-5? C. )99 — 218.8?5 | 119-425 
0-937 (16? C.)17 — 195-0 — 


Puinpkin seed . | 0-9197 (15-8? C. )t$ 
0-925 (15? C.)4? 


188-4: | 113-450 
— 190.2 180-749 








Rape (colza). 0-9185 (15-5? C.) «0 175 100-0 
Tuavison (Black ses | 0-0175 (15? C.)5! — 17433 101-415 
— (| ATP | 121-79 

Rubber seod (para) 0-0302 (15? C.) — 200-1 1283 
Soul. . 0-0240 (15-55 Qt — | 178-059 | 137-056 
0:8263 (15^ C. — 190-255 | 152-47" 

Shark livor - - | 0-9105 ( 0-9-6-2 146.1 111-9 


183-5 136-0 


rapo) 10311 (15:57 Ο.γ — 
-— 193-7 180-3 


15" C.) 
0-177 (139 C.) 
Strawberry seed . | 00346 (15° C.) 


EN 


» (Swiss) --- 157-1— 
168 
SUNFLOWER . . | 06-0240 (15? C. 20 — 188-011 | 119-711 


|| 


0.0360 (15? C.)59 194-099 | 135-09: 


Sesamé (Gingelly). 0-028 (16-8? C.) — 5-0 192-0 1085-0 
Sarvine (Japanese) | 0-932 (15-5? C.) — — 198-0 181.0 
o 034 (15:6? C.) — — 196-0 187-0 

»  (Californian)| 0-023 — 0-5-1-0 180-0 190-0 


190-0 193-0 


Βπηταππατα (Chinose)) 0-938 (15° C.) 1-4817 37 206-2 169.0 
0-035 (16? C.) — — — a 
(American) — 1-4830 3: 211-7 176-1 
SAPrLownn 351 m 5.5? C.) 1.47765 — 186-6 19918 
o 098: 0 (15 n ) — — 193-3 149-0 
Sandal seed. . :025 (35e C. 1:470 9-0-15-0 | 185-0 170-17 
$ -D50 (25? C. 7 1-480 — 195-0 130-186 
Sova Bean . | 0-925 (185-89 Ch.) — 0-3-5-0 192-0 136-0 
Tobacco seed oil . | 0:028 --- --- --- 140-3 


| 


Tunny (Sardinian) — — 149-7 

















Tune (Chinese) . | 0-939 (155 C.) 1:518 <5-0 189-0 155-0 

0:043 (15. πο e ) 1-522 — 195-0 167-0 

» (Japanese) . | 0-0313 (25? C.) 1.5050 0-6 190-0 145-2 

» . (Kenya) . | 098361 (25* € +) 1-5181 0:4-0-6 192.6 167-7 

0-9358 (25° C.) — — 194-4 168.0 

» (Java) . | 09421 (15? C.) 1-5200 0-2-6-7 194-7 166-9 

0-0360 (15? GC.) 1.4860 — 190-2 160.3 

» (India) . | 09391 (15:5? Q.) 1:514 0-2-0.3 192.3 170.56 

(Arpontine). | 0:9334((23? C.) 1:5178 O4 — 167.0 

"Pomato scod — — 2:8 — 114-0 

Tausotz (Synthetic 

Tung oil) . .| 0:928 1:5175 8:3 190-0 244-5 
Tea seed . . | 0911 (20° e ye — — 188.876 88.078 
0:927 (185? C.)'$ — — 195-577 80419 

Wainut (Iguape) . — --- 2:8 — 180-2 


| 


Walnut . | 0:926 (15-5? O.) — 193-0 140-0 
S 196-0 1500 


Whale . . | 9922 (15-5? C.) — — 188-0 115-0 
Wheat . . | 0/9245 (15? C.) 14893 δι -- 183-8 115-0 

0-9374 (15° G,)8t — — 190-381 — 
Wild roso seed ; — 1-4792 — — 1540 
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CHAPTER 2 
ACIDS 


Orano acids, both aliphatic and aromatic, form a useful class of raw 
materials for varnish manufacture. 
Fatty Acids | 

These are undoubtedly the most important of all the acids. They 
are obtained from oils or fats by hydrolysis either by steam, acid or 
alkali treatment or by the action of enzymes. They may be either solid, 
pasty ov liquid, but if in either of the latter two conditions, they should 
be stored only in well-coopered wooclen barrels. Contact with iron or 
air causes discoloration and this is a defect to be avoided. Tatty acids 
in the liquid state have a strong tendency to seep out of their containers . 
and care should be taken to ensure that the containers are adequately 
sealed. fatty acids vary in colour from almost colourless to yellow, 
and this depends upon the method of manufacture and the degree of 
contamination and oxidation. Bulk storage is inadvisable for the 
varnish maker in view of deterioration, and acids should be used as 
required from barrels, All linseed fatty acids should give clear solutions 
with carbon tetrachloride. Cloudy solutions indicate the presence of 
moisture or metallic compounds which may have been used as catalysts. 
Zine compounds have led to insoluble products in the manufacture of 
alkyds and have revealed themselves as serious bittiness which only 
filtration removes. 

Brambilla has conducted research on the high temperature decom- 
position of linoleic acid This is interesting, for linoleic acid is a con- 
stittucnt of linseed and other vegetable oil fatty acids, and there are 
occasions when these acids are involved in high temperature varnish 
making processes. Linoleic acid, heated to 325° C. in an atmosphere of 
nitrogen, yields, in addition to water, carbon dioxide, and a carbonaceous 
residue rich in hydrocarbons, propionic, butyric, hexoic, glutaric and 
sebacie acids* 

The most important use of fatty acids is in the manufacture of 
alkyd resins, and the commoner acids are those from linseed, soya, 
dehydrated castor, tung, olive, cottonseed, and palm oils. Stearic acid 
is also important. The first four acids are used in air drying or stoving 
alkyds, while the remainder are used in non-drying, non-discolouring 
alkyds. or air-drying alkyds fung oil fatty acids are not so simple 
in manipulation as those from linseed, soya or dehydrated castor oil 
and are not produced in large quautities. ‘Linseed oi] fatty acids are 
used, in addition, for the manufacture of the fused type of linoleate driers, 
&nd in mall amounts they have a useful peptising action on metallic 
drying soaps during fusion, and after their subsequent conversion to 
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terebines. The fatty acids from wool fat are used with naphthenic 
acid for the preparation of metal salts for use as driers. 


Oxalic Acid 


This acid is used in the manufacture of spirit varnishes containing 
rosin, spirit Manila or shellac, and its function is to effect decoloration. 
Small additions up to 1 per cent ate used. Sometimes the bleached 
varnish exhibits a faint opalescence which may necessitate filtration, 
Benzoic Acid 

Like linseed oil fatty acids, benzoic acid is a valuable peptising agent. 
Tt is often added to metallic soaps, particularly cobalt and manganese 
naphthenates, to facilitate fusion on heating. Weight for weight it is 
slronger in action than linseed oil fatty acids and fractional percentage 
additions are adequate for satisfactory effects. 

The addition of benzoic acid to alkyd varnishes containing lead 
driers is claimed to prevent precipitation of driers, and while it has this 
effect, it is generally not permanent. 

Benzoic acid is sometimes added to enamel media for usc with zine 
oxide, and under these conditions, even with heavily pigmented enamels, 
the improvement in flow thus induecd is very marked. A convenient 
form of addition of benzoic acid to pigmented products is as paste with 
linseed stand oil. 
e-Crotonic Acid 

Crotonic acid also is sometimes used to improve the flow of enamels. 
Phthalic Anhydride 


Phthalic anhydride is used, almost exclusively, in the varnish trade, 
in the manufacture of alkyc! resins or dehydrated castor oil, Anhydride 
of reliable quality is readily obtained either in the form of long necdle 
crystals or as flakes, atid both forms are widely used. The needle form 
is less convenient to handle, being very bulky and requiring much space 
both during storage and in the initial stages in the reaction vessel. It 
does, however, disperse more homogeneously throughout the reactants 
and has not the tendency to settle at the bottom of the reaction. vessel 
like the flakes. 

Phthalic anhydride is sometimes dissolved in lacquers &o that on 


evaporation of the solvents the anhydride forms large crystals to provide 
a pleasant crystalline effect. 


Petrex 


Petrex is the trade name of an organic acid which possesses the 
chemical name, 3-isopropyl-6-methyl.3, G-endoethylene 4^ tetrahydro 
phthalic anhydride. The commercial product is not, however, strictly 
monomeric. Experimental evidence indicates that polymers: of the 
acid are present also. 
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It is designed primarily asa phthalie anhydride substitute for alkyd 
resins, and is easier to use in. that it does not sublime at resin-making 
temperatures. 

Tt will be sven from its formula (p. 74) that it is à terpenie material, 
and it is because of this that resins made from it have good solvent pro- 
perties. Petrex itself is soluble in aliphatic. and. aromatio hydrocarbons, 
drying oils, alcohols and esters. 

The manufacture, modification and uses of Petrex dre covered by a 
series of American Patent Specifications. 


Maleic Anhydride 

This is used exclusively in the manufacture of synthetic materials. 
Tt is a fundamental raw material in the manufacture of maleic anhydride 
resins, i conjunction with rosin, and of alkyds resins.  [& also yields 
interesting reaction products with tung oil, 

Precantions must be taken in working with this matevial, for although 
it is supplied in solid form and is casy to handle, it volatilises readily 
at and below resin making temperatures. The vapours are very strong 
eye-irritants, and the author has personally experienced great discomfort 
and temporary distortion of vision through contact with them, 
Naphthenic Acid 

This is considered in detail in the chapter devoted to Driers and Metallic 
Soaps. 

Citric Acid 

This acid is added to spirit varnishes based on Manila copal, when 
they are used as media for pigmentimg with pigments which have a feeding 
tendeney. Thus lithopone which often contains traces of zine oxide 
may feed. with spirit Manila. The presence of citric acid is effective in 
preventing this or in reducing the stoutening after it has occurred. 


REFERENCE 
1. Annali chim. appl., 1939, 29, 303. 
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CHAPTER 3 


MONOGLYCERIDES 
Preparation 


Tus monoglycerides of drying oils provide a new and. very useful addition 
to the range of raw materials for varnish manufacture. They occur 
naturally, only in small quantities, but are readily synthesised. Mono- 
glycerides may be represented by the general formule 


CH,0H CH,0H 
| 
CH OH or CHOOC.R 
| |... 
CH,00C.R .  GH,0H. 


Their manufacture has attracted considerable attention and has 
been summarised by Mundy. 

a-Monoglyceride can be made by heating «-monochlorhydrin and the 
sodium salt of a fatty acid.2 Methods of this type are beyond the avail. 
&ble facilities of the average varnish maker, but he can obtain satisfactory 
products directly from drying oils or tho fatty acids derived therefrom. 

Mono and/or diglycerides are prepared by heating fatty acids and 
glycerol with the metallic glycerates of an alkali or an alkaline earth 
metal having at least one free hydroxyl, at 100-200? C.,3 or by heating 
fatty acids or mixtures with oil, with glycerol at 2007-220? C. Omne 
per cent of a glycerate is claimed to catalyse this latter reaction? 
Although described as glycerates it is probable the substances referred 
to are glyceroxides, ie. the reaction producta of metallic compounds 
with glycerol, and not the salts of glyceric acid. In the reaction between 
' fatby acids and glycerol, mixed mono-, di- and tri-glycerides are formed. 
The reaction is facilitated by removing the water eliminated under 
vacuum, and by the presence of aromatic sulphonic acids. It has been 
demonstrated. also elsewhere that the rapid removal of water either 
by the passage of an inert gas § or by means of anhydrous copper sulphate 
favours the formation of monoglycerides. High yields of monoglyceride 
(90 per cent) at 120°-180° C. are possible, if the reaction is catalysed by 
the presence of camphor-f-sulphonie acid, with phenol or cresol as a 
mutual solvent for the reactants.‘ The formation of monoglycerides 
is facilitated if the fatty acids are heated with a large excess of glycerol? _ 
In an example 100 parts of linseed fatty acids are heated at 200°-250° C. 
with 92 parts of glycerol. Preparation of monoglyceride by this method 
is useful only for the subsequent preparation of alkyd resins by reason 
of the large excoss of free glycerol.. Some methods involve the use of 
glycerol equivalent to ten times the weight of fatty acid; the mixture n 
being heated at 1707-180? C. l 

If polyglycerols are substituted for glycerol the speed. of reaction 
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with fatty acids is increased considerably.2 Polyglycerola may be 
prepared by heating glycerol with sodium hydroxide at 280° Ὁ. 

The cheapest and most convenient method of synthesis of mono- 
glycerides is by the direct interaction of drying oils aud glycerol. One 
protected method describes a reaction between these ingredients at 
200°-250° C. for one to ten hours, using a little monoglyceride as an 
accelerating agent. It is generally accepted that the presence of traces 
of alkaline substances promote the interchange. Potassium carbouate, 
lime,” 19 caustic soda, and disodium hydrogen phosphate, have been 
used successfully. When used in effective quantities they have the 
disadvantage of causing discoloration. Certain metallic oxides, e.g. 
alumina, thoria, and tin and titanium oxides have been used also, as 
well as their soaps. 

Alternatively, linseed oil and glycerol are heated in an inert atmo- 
sphere at 170°-180° C. for three hours and the temperature raised finally 
to 280° C2 Two hours’ treatment at 250°-280° C. in the presence of 
approximately 0-005 per cent of calcium glycerate, yields a product 
satisfactory for use in alkyd resins. 

Tung oil mixed glycerides may be obtained by heating the tung 
oil to 235° C. and adding glycerol slowly. The treatment is continued 
until the mixture becomes clear4 Another method raises the tem- 
perature to 280° C. for incorporation. Mundy + describes a satisfactory 
‘method for the production of monoglycerides applicable to all the common. 
drying oils inchiding linseed, perilla, soya bean, dehydrated castor and 
linseed-tung oil blends. Yields of 906-100 per cent are claimed. ‘The 
reaction, which is self-catalysed, consists in heating the oil-glycerol 
mixture in an inert atmosphere at 290° C. approximately. The applica- 
tion of a slightly reduced pressure aids the removal of water. . 

Partial hydrolysis stimulated by the action of enzymes is another 
method of monoglyceride formation, 

Polymerised oils also react with glycerol to yield monoglycerides, 

The alcoholysis of drying oil fatty acids with other polyhydric alcohols 
has been explored by Drinberg and Blagonravova.9 Monohydrie 
alcohols such as amyl alcohol yield products which do not dry. Tho 
esters of glycols (ethylene and propylene) yield products with semi-solid 
films. The products of alcoholysis of linseed oil and ethylene glycol 

. are stated elsewhere to have good drying properties. Mannitol and 
glycerol yield esters with fatty acids, comparable in speed of dry with 
the natural oils, but pentaerythritol esters yield films of improved 
hardness and dry. 

Yields of 85-95 per cent of alkyl esters of drying oil fatty acids are 
claimed by heating the oil with an excess of monohydric aliphatic alcohol 
(i.e. two or three times the theoretical quantity), The liberated glycerol 
is separated by addition of hydrocarbons. 17 ' 

.Monoglycerides dry in the presence of the usual drying metals, With 
linseed monoglyceride the film is tacky, but tung oil monoglyceride 
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Monoglycerides 


yields tack-free films. Prolonged heating of monoglyceride at elevated 
temperatures induces polymerisation but it is not very marked. When 
first prepared, monoglycerides of linseed oil are clear pale viscous oils. 
On standing they crystallise to a white pasty mass, sometimes with a 
clear supernatant oil. 

Unchanged triglycerides may be removed from monoglycerides or 
mixtures with diglycerides, by extraction with alcohol, in which the 
two latter compounds dissolve. Dilution of the resultant solution with 
water causes separation of diglycerides. 


Uses 


The most important use of monoglycerides of the drying oils is in 
the manufacture of alkyd resins. Their properties, however, are such 
that many other valuable applications may be anticipated in the future. 
The monoglycerides of both linseed and dehydrated castor oils are used 
in large amounts in Great Britain. Their two reactive hydroxyl groups 
permit reactions with all acidic resins, and thus ib is possible to make 
combination varnishes of low acidity with rosin and run congo. Red 
and yellow accroides, and dammar react similarly. Mundy has shown 
that at a temperature of 988? C. a mixed rosin-linseed ester of acid 
value 5-0 can be obtained after ninety minutes’ treatment. In a similar 
way a mixed run congo-linseed ester would provide the basis for a useful 
hard gloss medium of low acidity for use with all types of pigment. 
Products of very high exterior durability have also been produced by 
the same worker from monoglycerides and the principal acid of Kauri 
gum-agathic acid.18 

Monoglycerides react also with shellac on heating, to yield com. ' 
binations which are soluble in white spirit. This subject is dealt with 
in greater detail under “Shellac.” Unlike the drying oils from which 
they are derived monoglycerides are soluble in ethyl alcohol, and since 
they are readily miscible with shellac and Manila they act as satis- 
factory plasticisers. The reaction product from linseed oil mono- 
glycerides and oxidised rosin ig claimed to be soluble in mineral spirits 
if lengthened with linseed oil, and the resultant varnish is said to have 
superior durability to a similar varnish using either rosin ester or copal 
ester. Oxidised rosin, itself, is insoluble in mineral spirits. 

Monoglycerides act also as emulsifying agents for oil-water emulsions. . 
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CHAPTER 4 
NATURAL OIL VARNISH RESINS 


ALTHOUGH much rapid progress has been made in the use of synthetic 
resins in the manufacture of varnishes and allied. producta, natural resins 
are used and will continue to be used in certain products for many years 
to come. So long as they retain their advantage of price they will continue 
to be used for normal decorative varnishes, paint and enamel media and 
for special purposes such as in cheaper silver stoving varnishes, ete. 
There is a marked tendency also for them to be used in conjunction with 
synthetic products. When they are used thus it may be by simple mixture 
or they may enter into actual chemical combination. Composite producis 
are available which are derived from natural resins and alkyds, or from 
natural resins and phenol formaldehyde resins, to quote only two examples. 


Congo Corans 


Of all the natural copals available to-day, congo copals are by far 
the most widely used, and it is not surprising, therefore, that the greater 
part of recent research and development work has been conducted on 
this particular type. 

Source.—Congo copal as its name implies is a fossil resin obtained 
from the Belgian Congo. The resin is dug out of the swampy ground. 
It is an exudation from Copaifera demeusii and Liguidamba styrflua. 

Production.—The resin as obtained is very dirty and is roughly 
cleaned. Then it is cleaned to a condition suitable for use by machines 
exploiting the cleansing action of a sand blast. Cleaning is also done 
by hand scraping, During the final cleaning, surface dirt and deep veins 
of dirt are removed as well as excessively fossilised resin. Highly 
fossilised resin is distinguished as an opaque white layer of resin which 
easily powders. It may be distinguished also, for highly fossilised resin 
has a much lower density than the normal varnish resin, It is quite 
valueless from the varnish maker’s point of view. 

The clean resin is then sorted in grades which vary in colour and 
size. The colour of the lumps may range from water-white to yellowish- 
brown or even reddish-brown. 

Some pieces of copal are quite transparent and others are cloudy or 
milky. This milkiness is not necessarily a serious defect, for the resin 
usually runs normally. The colour of Congo copal may darken on 

ageing, but Hellinckx states that the discoloration is at the surface only 
and can be removed by washing with solvents.? 

Grades.—The size varies from dust, through chips to quite bold lumps 
_ of several inches diameter. Dust has a tendency to insolubility and 
. yields dark products after running. Chips comprise an assorted mixture 
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of various colours with some dust and dirt. Although they are more 
soluble than dust they run to give dark products. The best size of resin | 
for running is uniform pieces of about one inch diameter. It is common 
practice for the varnish maker to reduce the size of large lumps by 
crushing. Large lumps are more difficult to run than the one-inch 
pieces in that they take longer to fuse, with consequent darkening. A 
large varnish maker may hold in stock up to ten or more different grades ` 
of Congo. 

Composition.—Aeccording to Hellinckx Congo copal contains two 
acids, congocopalic acid (C4,H4,(COOH)j), and congocopalolic acid, 
(C4, H3,(OH)COOH). The former is present to the extent of 43 per cent, 
In addition, resenes and essential oils like limonene are proseut.? Mertene 
- fractionated Congo copal into « and f-resenes, a, and c,-congocopalolic 
acids and essential oils? —— 

Hardness,—Natural copals vary widely in hardness; and the table on 
page 62 demonstrates the hardness of Congo in relation to other natural 
resins. 

The melting-points of copals cover such extended ranges that any 
record of them would be of doubtful value. 


 "fhe Running of Copals 


When Congo, broken small, is placed in a gum-running pot and fierce 
heat applied the ‘resin melts and undergoes decomposition, yielding an 
_ oil soluble product. This heating process is known as ‘‘ gum running.” 
Considerable experience is necessary to obtain the best results. Ex- 
perienced workmen conduct both the running and oiling down processes 
without the aid of a thermometer. The quantity of copal run at a time 
varies considerably. Quantities used in this country are 56 Ib., 60 Ib., 
80 1b., 100 1b., 112 Ib., $ ton and 1 ton. lt is also probable that 5 and 
10 ton batches are being run. A good varnish maker will handle two 
or three of the smaller batches simultaneously. Advantages showed 
for large-seale batches are paler products, smaller running losses, better 
homogeneity and greater production per man-hour. Since the product 
obtained by large batch operation tends to be paler, cheaper grades of 
copal can be used than would be possible with small-scale batches. The 
arguments in favour of large-scale operation are not so overwhelming 
as they appear at first sight, for much depends on the ability and skill 
of the varnish maker for output with small individual batches. The 
decision to instal plant for Jarge batches is one which is controlled by 
local factors. 

. As soon as the heat is applied to the copal it must be kept on the move ` 
to avoid local overheating and charring, resulting in loss of colour and 
the possibility of flashing. 

Modifications in the method of heating have been suggested to avoid 
. overheating, with its consequent undesirable resulta. A plaut i is described 
_ involving the use of a jacketed aluminium kettle. The resin is melted 
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Varnish Constituents 


indirectly by means of a hot inert liquid which flows through the outer 
jacket of the kettle. Decomposition into fume is stated to be less than 
with the usual running process and the run copal is paler. Kollin em- 
phasises the importance of heat control in avoiding decomposition and 
cracking, in ordor to obtain products of superior characteristics.” As 
the resin melts considerable frothing occurs due to the evolution of 
volatile material. When the resin is run completely the frothing dis- 
appears and the molten resin runs cleanly from the stirrer. Temperatures 
achieved during running may be as high as 360°C. The experience 
of the expert gum runner is most evident in deciding precisely when 
the running process is complete. If the resin is run insufficiently it 
will demonstrate inferior oil compatibility and “floaters” or pieces of 
unrun resin may be found undispersed at the surface of the finished 
varnish after thinning. Processes have been described in which super- 
heated steam is ejected. into the copal during the running process. One 
advantage of this process is that products of exceptionally pale colour 
are obtained.? 

If the resin is overrun, uneconomical losses of resin will occur as 
well as a proportionate darkening in colour. Congo, when run correctly, 
loses approximately 25 per cent by weight. This is a good average 
figure and will serve as the basis for formulation. 

Barry and Dunster give a comprehensive list of running losses for 
the common copals. For Congo they give somewhat higher loss at 
25-35 per cent. Manila has a similar loss of 25-35 per cent. Benguela, 
Pontianac and Angola lose 20-25 per cent; Zanzibar animi 15-20 per 
cent, Sierra Leone and Kauri 12-15 per cent.® 

When the resin is run sufficiently, preheated varnish linseed oil is 
added. gradually in small lots with vigorous stirring. After each 
addition the oil-resin mix is reheated, and the temperature maintained, 
until the oil has been incorporated satisfactorily and some bodying has 
occurred, as evidenced by a '* head ” of froth which develops at the surface 
of the hot mix. Further similar additions of hot oil are made as required. 
The more a resin is run the more brittle it becomes. 


Fumes of Copal Oils 


The volatile, matter distilling off during the running process is con- 
densed. and. is described as “fumes.” This is of very little value and is 
often disposed of as waste although attempts have been made to use it 
as fuel. It may be used as a thinner for cheap high temperature black 
stoving enamels, in driers, putty, wood preservatives, and shoe polishes. 
Varnish fumes, or copal oils, as they are sometimes described, are very 
complex. Fumes from Manila copal have yiclded pinene, B-pinene, 
dipentene, limonene and camphene. Pinene has been detected in Kauri 
fumes. Sesquiterpenes, polyterpenes and acidic bodies are also present 
in copal fumes? The presence of tetramethylhoxahydronaphthalene 
has also been discovered. 
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Copal oils are highly acidic, but the acidity can be reduced by esteri- 
fying with glycerol or by reacting with lime. 

On chlorination, oils of inereased viscosity are obtained. Their 
normally dark colours can be improved by bleaching with hypochlorite. 
After bleaching they may be used as plasticisers.!? 

English and Continental Gum Running. —Sleightholme draws attention 
to the difference between English and Continental practice in gum running. 
The English method involves the use of unpolymerised linseed oil which, 
on heating with the acidic resin, permits interesterification and liberates 
free oil fatty acids. With the Continental method polymerised oils 
are used and less interesterification occurs, Whilst interesterification 
is desirable for some purposes the liberation of oil fatty acids may cause 
‘feeding with basic pigment. Sleightholme suggests that the fatty 
acids could be distilled off with advantage. 

Copals and M ‘onoglycerides. —Another method of producing varnishes 
from run copals is to heat the run copal with drying oil monoglyceride 
until interaction occurs. Varnishes of lower-acidity are obtained. The 
drying oil monoglyceride may be derived from linseed oil or wood oil. 
Wood oil is heated with glycerol at 225°-258° C. in the presence of 0-05 
per cent litharge. The glyceride obtained is heated with Congo or 
other acidic resins to yield a varnish.“ 

The Chemistry of the Running Process—-The nature of the changes 
which occur during the running of copals has been studied. Hellinckx 
states that the characteristics of the resultant products vary with the 
intensity of the heat supplied and on the rate of heating, The pro- 
ducts of decomposition include carbon dioxide, carbon monoxide, 
methane, hydrogen, hydrocarbons of the type CnHn, an oily distillate 
and an aqueous distillate. During the first stage of the running, ie. 
up to 300° C., decarboxylation of dibasic carboxylic acids to monobasic 
acids oceurs. Lactones are produced from hydroxy acids. Over the 
temperature range, 300°-350° C., a secondary decomposition occurs in 
which decarboxylation of the monobasic acids occurs with evolution 
of carbon dioxide. The lactones decompose simultaneously with evolu- 
tion of carbon monoxide? Higher monobasic acids may decompose 
into hydrocarbons and lower monobasic acids. Acids such as formic 
and acetic have been detected.“ Hellinckx summarises the running 
process as melting, decarboxylation and cracking. .'Trost believes that 
decarboxylation occurs’ during the running of Brazilian copal!* 
Krumbhaar advises against excessive decomposition of the dicarboxylic 
acids since upon these acids many of the properties of the final varnish 
depend.+? 

Reduction of Acidity during Running-—It is obvious that decarboxyla- 
tion explains the reduction in acidity . which occurs during the running 
of copals. Some copals run to give products which are less acidic than ` 
others, e.g. Sierra’ Leone when run has a lower acidity than Congo.. 
According to Hellinckx, when Congo copal i is run. motil i ‘its a j 
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70 per cont of its original value the varnish obtained from it livers badly 
with zinc oxide. lf, however, the acid value is reduced to 60 per cent 
of its original value the resultant varnish shows no livering tendency. 
It is believed that the livering is due to the presence of dicarboxylic 
acids and it is necessary to eliminate these to remove the reactiviby.!? 

Dissolution of Copals in Oils by Other Methods——By reason of the. 
loss of resin incurred during the normal running process as well as the 
loss of valuable propertics, much work has been accomplished on the 
incorporation of copals in drying oils in which the drastic treatment 
received during running is eliminated. Mertene describes how at 
290?-300? C. under pressure in an autoclave, copals can be incorporated. 
in oils without loss. The process is conducted in an atmosphere of 
nitrogen. The product has inferior drying properties. '® An alter- 
native method is to heat the copal as a thin layer below 315? C. Pyro- 
genation occurs with a loss of only 8 per cent? 

Another method of incorporating resins which are normally insoluble 
in oil, with oil, is to add the finely powdered resin to an oil resin mixture 
at 260°-320° C, Damar or rosin is present in the oilresin mixture. 
The acidity of the resultant mixture is reduced, if necessary, by inter- 
action with lime or glycerol.*° 

Copals may be made oil soluble also by esterifying a hot solution of 
resin in organic acid with a polyhydric alcohol. When a copal, phenol 
and an inert solvent are heated together oil and white spirit solubility 
arc obtained. The copal may be congo; the phenol, ordinary phenol or 
eresol, atid the inert solvent, tetrahydronaphthalene. The products 
are clarified by treatment with fuller's earth, 'lerrisse heats copals at 
278? C. and four atmosplieres’ pressure with naphthalene for two hours. 
The oil is added and the heating continued at 280° C. The naphthalene 
is removed finally by distillation. A method due to Graham and Burrell 
involves the heating of copal with turpentine at 350? C. under pressure.?* 

Dissolution by Mastication —Anather process of inducing oil solubility 
in copals is by mastication and the process has been described in detail. 
Not only is the solubility increased by mastication but it ig claimed 
that reactivity is increased also. If the temperature of mastication is 
high improved reactivity is obtained. If the temperature is low 
improvement in solubility ocours.?5 — 

The resin is masticated whilst plastic by passing over heated rollers, 
The temperature -of mastication varies from 807-905* C. and the 
duration of treatment from twenty to 120 minutes. Volatile products 
may be removed by the application of a vacuum. Two examples have 
been given, Congo is masticated at 150° C. for sixty minutes. Kauri is © 
masticated with an equal amount of linseed oil at 121° C. for 120 minutes.24 
‘The kneading of resin to produce oil solubility may be carried out in 
, the presence of solvent. The mastication of resins on hot rollers may 
take place under pressure.28__ | 

Mastication of copals produces not only solubility i in oil but solubility 
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in-alcohol. This fact is important since it enables spirit varnishes to be 
produced from ordinary natural copals other than soft Manila copal. 
When copal-resins are ground at 327-50? C. under high pressure the 
resulting products are soluble in ethyl alcohol.?? Manila copal milled 
at 132° C. for twenty to thirty minutes becomes soluble in hot butyl 
alcohol.2® Manila, Pontianac, Benguela and Congo ate made plastic by 
increased pressure, and masticated. Solutions of low viscosity are obtained 
with the products in ethyl alcohol, and may be used as shellac substitutes. 
A Congo copal soluble in ethyl alcohol is obtained by masticating it for 
two hours at a pressure of 90 lb. per square inch and 49? C. ` Frictional 
heat developed during the process is absorbed by water cooling.39 

' Cracking and Hydrogenation of Copals—Mertens, Hellinckx and de 
Hoffmann have cracked Congo copal in the presence of hydrogen and 
a reduced nickel catalyst. Three types of oily hydrocarbons were 
obtained, terpenes, hydrocarbons richer in hydrogen than terpenes, and 
hydrocarbons poorer in hydrogen than terpenes. The most important 
factor which influences the reaction is temperature.9: 

Tnaprevious paper the same investigators describe the hydrogenation of 

Jongo copal at 350°-400° C. and 100 kg. per sq. em. pressure using nickel 
quartz a8 catalyst. Among the products obtained were carbon dioxide, 
carbon monoxide, methane, products of the types CoHlyn, and ChHgns, 
and liquid products boiling below 200°C. The mechanism of the re- 
action is given as reduction of double bonds and decomposition of 
carboxyl groups. 

Modifications —Congo and other copals may be modified by inter- 
action with other compounds. The most important modification is 
esterification with glycerol to yield copal esters. The resins are dealt 
with at length elsewhere. 

Other modifying agents for.run copals are lime, magnesia and litharge. 
Very hard resins of high melting-point are obtained from masticated 
copals. and phenol formaldehyde products. Masticated copals are 
claimed to react readily with metallic oxides, hydroxides and salts ; with 
monohydrie, polyhydrie and phenolic aleohols ; with hydroxy compounds 
like mono and diglycerides, with amines, and with oxygen, sulphur and. 
halogens.** Natural copals have been acetylated to yield products 
described by the name ''acetocopals." They are stated to be valuable 
raw materials and have good solubility.” 2, 16 


Testing 


It is necegsary, in the varnish laboratory, to examine natural οορα]β 
"with reference to their suitability for. varnish. manufacture.. The 
following routine procedure has proved, useful. ` Where many grades of 
various copals are used, standard samples of each are kept. These 
samples should be representative, and of about two pounds’ weight. 
Bulk samples of the copals under consideration, are. compared with 
standard samples for colour, homogeneity, size, extent of 
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quantity of extraneous matter. Self colours of the copals can be quite ' 
easily compared. Some grades of copal are deliberate mixtures of pale 
and dark resin and this can be recognised readily. After this preliminary 
examination, samples are selected and a hundredweight or so of each 
ordered. These are then run under normal practical conditions to 
produce a varnish, and this varnish is compared for colour, dry, amount 
of thinners necessary to yield normal varnish viscosity and for other 
properties, against the same varnish made from standard copal. Running 
losges are also determined by weighing carefully all the constituents of 
the varnish and the final yield. Because of the loss of volatile thinners 
during thinning it is preferable to compute running losses on the copal- 
oil basis. The amount of thinners required to obtain a varnish of 
standard viscosity is a good indication of the standard of copal used. 

The thinners used may be determined by direct weighing or by a 
percentage volatile determination. 


Properties 


Age and Solubility ——The older a copal is the less its solubility. This 
according to Nagel and Kornchen is attributed to.the formation of 
compounds of higher molecular weight or of compounds which are 
chemically indifferent. The same workers have evolved a method 
whereby the solubility of copals in alkaline solution is taken as the 
criterion for distinguishing different types of copal. A clear solution was 
obtained with Manila copal in 1-5 per cent potassium hydroxide. Other 
copals such as Kauri, Zanzibar and Congo gave substantial amounts of 
insoluble matter, ic. from 48-64 per cent insoluble. Differences of 
solubility in methyl alcohol were observed also. Using a large excess 
of alcohol, Kauri and Manila copal were 60 per cent insoluble. Zanzibar 
gave substantially more insoluble matter. The solubility of Congo 
is intermediate between that of Manila and Zanzibar. Congo undergoes 
substantial esterification with methyl alcohol. 

Smell.—Experienced workers can differentiate between copals by 
mere physical examination. The smells of eopals, freshly fractured or 
gently warmed, are often characteristic. It is possible, by means of 
smell, to distinguish copals like Manila, Kauri and Congo. 

Liebermann-Storch Test—The Liebermann-Storch test for copals in 
varnishes is unreliable or of little value. Most copals merely give a 
brownish coloration which is inconclusive. Rosin in the presence of 
copals can be detected normally by this test, but Stock has reported that 
the test gives both positive and negative results for genuine copals.%4 
Hellinckx states that the fluorescence of Congo copal in ultra-violet 
light is characteristic. 15 


Uses 


Congo copal is still used extensively in the varnish trade, As indicated 
already it is the basic resin for the manufacture of hard gloss paints and 
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enamels. It is still a favourite also for the old well-established type of 
decorators’ varnish. ` l 

For durability it is easily surpassed by synthetic varnishes of the 

alkyd or phenol formaldehyde type. Allen and Sprinkel, however, 

make out one point in favour of copal varnishes for exterior use. "They . 
point out that when a film derived from natural resin weathers, it does 
so with the formation of fine cracks and requires very little preparation 
before revarnishing. Modified phenolics give much Jarger cracks and a 
greater expenditure of energy is necessary for preparation.?5 

For hard drying interior varnishes Congo copal will hold pride of 
place for many years to come. 

Other uses for copals are in tbe production of gold-sizes although 
they have been displaced to a large extent by tung oil-rosin blends. 
With lack of tung oil, however, there has been a tendency to revert to the 
eopal type of gold-size again. For the production of varnishes for printed 
tin they hold an extremely important position. Using first grade Congo 
with all the necessary precautions in manufacture it is possible to produce 
excellent silver stoving varnishes. Copals also form the basis of many 
gold stoving varnishes. Due to the fact that run copals are not completely 
soluble at all dilutions, they sometimes form the basis of solvent resisting 
varnishes or enamels. The harder types of copal yield, with but little oil, 
the hard rubbing furniture varnish. Such varnishes are cheap and give 
good results although they are inferior in most respects to similar products 
based on a hard phenolic resin. 


Kauri Copan 


After Congo the other natural copals are used to a considerably 
diminished degree. The only other copals which are used to any real 
extent at all are Kauri, Manila, Sierra Leono and Benguela. Kauri 
was a very popular resin but it is fast losing its popularity. This may 
be due to its relative scarcity and its extremely high price. The Kauri 
of commerce is a fossil resin derived from the New Zealand Kauri pino 
(Dammara Australis). Kauri is sometimes described as New Zealand 
dammniar.! Heaton lists the following grades of Kauri: dial, range, 
swamp, chalk, rubbling and chip.*” Although the scarcity of Kauri 
was a generally accepted fact, Hosking reported a few years ago that 
there is still as much Kauri in the ground as that obtained so far from it. 
Kauri can be obtained by incision. This is known as bush Kauri. Kauri 
has been obtained also by extraction of Kauri timber with alcohol, ` The 
product is purified. by heating with a mixed solvent comprising ethyl 
acetate and benzene.3®? Hosking has described aœ solvent process for the | 
production of good quality Kauri from.a crude starting material, in 
which the crude Kauri is dissolved in a mixed solvent comprising benzene 
(7 parts) and acetone. (3 parts) at 50°C. ‘The impurities are. remi ο. 
by settling38 A similar. process is described "whereby orüdi 
dissolved. by warming in aceton ‘or jit 
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The impurities are removed by filtration, the solvent removed by steam 
distillation and the resultant product dried under vacuum to yield a hard 
resin.4® Flotation methods are also used in the purification of Kauri. 
The mild alkali treatment of a Kauri solution is claimed to produce 
decolorisation. The coloured components are removed as a separate 
dark layer. Kauri is very easy to run. 

The chief uses of Kauri nowadays are in special media for coach 
painters, in gold-sizes and in hard rubbing furniture varnishes, 


MANILA COPALS 


Manila copals include the following types:  Pontianae (Borneo), 
Macassar, Sambas, Java, Lowoe, Ternate and Labvan. 

Pontianae may be obtained as a fossil resin or by incision. Tt has 
the smell of turpentine. It is a hard resin and the fossil type is used in 
‘the manufacture of oil varnishes. Macassar copal is not generally con- 
sidered. to be such & good grade as Pontianac. Sambas'copal has been 
examined. by Stock. ? It is obtained from Pilau copal by sorting.. 
Java copal is a hard type. Ternate is soft and is appreciably soluble in 
alcohol. Stock describes a copal from the Fiji Islands which he assigns 
to the Manila group. It dissolves i in alcohol or turpentine and l yields films 
with good. gloss.4* 

-of four different resin acids. Manila copal may be used A8 H shellac 
substitute by the addition, either of nitrocellulose, or of beeswax and 
fatty acids. 

Hard Manila copals are sometimes used in decorative varnishes 
although their durability is not particularly good. They are used, how- 
ever, in gold stoving lacquers in which the gold colour of the film is 
_ obtained by carbonisation at the high temperatures usod. The shade 
of colour produced. from Manila copal films on high temperature stoving 
is quite pleasing, 

The most important use ‘for Manila copals is in the manufacture of 
apirit varnishes. It is only the softer varieties of resin which are alcohol 
soluble. As the hardness of the resin increases the viscosity of the | 
alcoholic solution increases simultaneously. When the copal is very 
- hard the tendency to alcohol insolubility becomes most apparent. Spirit 
soluble Manilas contain substantial amounts of dirt, wood, bark, twigs 
and other extraneous matter, and this must be remembered ‘in. assessing 
the value of a consignment of copal to the consumer, and in formulation. 
- . Soft Manila copal is dissolved in alcohol by cold churning, the insoluble 
matter removed by rough straining, and the solution passed through . 
either a centrifuge or a filter press. Absolute clarity may not be obtained 
in either case. but this is not normally considered to be a serious defect. 
The molecular. weight of the alcohol: used to effect solution of Manila 
` influences the viscosity of the final solution, The higher the moleoular 

weight the greater the viscosity.*¢ 


94 


Natural Oil Varnish Resins 


The hardness, and water resistance of Manila spirit varnishes ean 
be improved by the incorporation of ethyl cellulose. Up to 25 per cent, 
calculated on the weight of the Manila copal, is recommended.™ 


Srerra Leone Copan 


Fossil types are known by the names Kissel copal and Pebble copal, 
but the bulk of the present supply is obtained by incision of the Copaifera 
Guibourtiana. Good grades are very pale and can be run to yield very 
pale varnishes. Pale Sierra Leone copals are still used in the production 
of media for white hard gloss paints and enamels. 


BENGUELA CorAL 


This is sometimes known as Lisbon copal and is obtained from West 
Africa. It is a fairly hard resin and is claimed. by some to have out- 
standing durability for a natural copal. The author was not able to 
confirm for this copal any great superiority in this respect over other 
copals. 

OTHER COPALS. 


‘There are many other copals in existence, although from the varnish 
maker’s point of view they are unimportant. They are included here, 
with brief notes, only for the sake of completeness. 

Zanzibar is a hard fossil resin from East Africa. It sometimes occurs 
under the name Animi, and because of the similarity of its rough surface 
to goose skin it may be referred to as goose skin animi, Other East 
African copals are Mozambique or Inhambone, Madagascar and Lindi, 
Apart from Congo and Benguela other West African copals are red and 
white Angolas, Accra, Benin, Gaboon, Loango and Cameroon. . ^ - ` 

South American copals have attracted some attention, and Brazilian, 
Columbian, Demerara, Locust and Para are known. Demerara copal 
is obtained from British Guiana. ‘Stock has described the properties 
‘of two copals from this source. Both the fresh and the fossilised types 
are stated to be satisfactory varnish resins,*? 

Demerara copal has to be run to a high temperature io induce 
solubility in oil. Vigorous frothing occurs and the introduction of 
carbon dioxide is suggested to control this. Varnishes based on this 
copal dry with hard glossy films. Esters may be made from this copal 
to permit its use with basic pigments:48 

Other newer resins from South America have been investigated 
recently. Soft Jatoba or Trapoca resin of Brazilian origin is exuded 
either from the roots of trees or from the twigs and branches. The resin 
from the roots is harder than that from the branches, It is said to be 
soluble in turpentine without further treatment, in contrast: with. hard 
:Jaboba resin which needs running. . 

' Kemmer reports that “Brazilian Jatoba copal does nob yield. such 
hard films as Congo and. takes longer:to dry.*® 
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Jatoba resins have similar properties to damar, except for their 
substantially higher acidity. Soft Jatoba resin is suggested for use in 
spirit varnishes. Durability of these resins is not good and they should 
be used for interior varnishes only. Their acidity can be reduced by 
esterification with glycerol, and this makes possible their use with basic 
pigments. Like damar, if the wax is removed. from the resins by solvent 
treatment they may be used with nitrocelluloso.59 

Another Brazilian resin is Jutahycica which is a fossilised variety.® 
It is exuded from the roots of Jutahyassu and Jutahy ürees.? This 
resin can be run to yield oil varnishes, with properties similar to those 
obtained with Kauri. Wramba copal, also a native of South America, 
is a good resin for oil varnishes, drying well to hard films with good gloss.*® 

σε Tt is now reported that copals, suitable for conversion into dark 
varnishes, have been found in the Caucasus and in the far Eastern U.S.S.R. 


AMBER 


Source. —Although amber is rarely used in varnish manufacture, its 
availability and the attention it has attracted in recent years earn for 
it a place in any modern treatise on varnish manufacture. Amber is 
a fossil resin found chiefly in the blue earth of East Prussia. Tt is an > 
exudation of pinus succinifera. The blue earth is at the bed of the 
ocean. Amber may be found also in glacial deposits or it may be washed 
up on beaches. Schmid gives the ratio of blue earth to amber as 10,000 : 1. 
The reserve of amber is computed at 5,000,000 tons.64 The properties 
of amber from different sources vary considerably. 

Production —The crude amber with its earthy impurities is washed 
with water under pressure and sorted by hand. Amber is & yellow resin. 
and is available in 1 three forms: rough amber, pressed amber and melted 
amber. 

Pressed amber is obtained by amalgamating small pieces under 
‘pressure. . Melted amber according to Schmid is the grade most useful 
for lacquers. Rough amber is used for ornaments, jewellery, eto. 

Liffect of Heating-——When amber is heated at 320°-360° C. oil of 
amber and succinic acid are distilled off. Melted amber is the non- 
volatile residue. If amber is subjected to further dry distillation, ali- 
phatic acids including acetic, butyric, valerianic, caproic and succinic 
acids are split off, in addition to water and hydrocarbons. Hydroxy 
acids have been detected by Plonait during degradation of amber.55 

Composition.—The chemical examination of amber has been conducted 
by Schmid and Hosse.5? 

Sehmid and Erdós have examined amber also by solvent extraction 
followed by hydrolysis. The presence of succinic acid was confirmed. 
_Abietyl compounds and borneol were detected also. Resinous com- 
ponents. after dehydrogenation yielded polymethylnaphthalenes and 
~phenanthrenes.5? Dehydrogenation of the alcohol insoluble. portion 
with selenium yielded 1:9 : 5. trimethyl-naphthalene. 58 " 
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Properties and Uses 


‘Amber is claimed to be the hardest known resin. 

The resin is generally insoluble in most solvents, but after melting 
its solubility improves. It becomes soluble in turpentine, benzone, 
carbon disulphide, chloroform, ether, and hot linseed oil. The extent 
of the solubility in petroleum hydrocarbons appears to be controversial. 
The melted resin is insoluble in alcohol and acetone. The resin is soluble 
in butyl aleohol containing hydrochloric acid if the mixture is refluxed .4 
Treatment of the resin with ammonia followed by caustic soda, enables 
solutions to be obtained in a mixed alcohol-carbon tetrachloride solvent.5* 

An amber soluble in polymerised and unpolymerised drying oils and 
in solvents, is made by heating by means of a liquid medium which avoids 
excessive temperature during the process. Amber may be incorporated 
in vegetable oils by grinding the mixtures in colloid mills.“ 

The use of amber in linseed oil varnishes is mentioned by Hess who 
comments very favourably on their value as corrosion resistant stoving 
finishes for light metals and their alloys. The higher the temperature 
of stoving and the greater the duration, the better the corrosion re- 
sistance of the resultant film.” 

Other outstanding properties of amber varnishes are that they have 
excellent resistance to moisture and to heat. 

Kemner states that compositions from amber are matched only by 
nitrocellulose in respect of hardness, gloss and elasticity.°° 

Stock claims that amber esterifies easily. The glyceryl ester of amber 
with oiticica oil gives pale hard varnishes.9? l 


Damar 


Source and Grades —Damar is not used in large quantities in the modern 
varnish factory. In fact, it is used almost exclusively in two types of 
material only, in crystal paper varnishes, and in nitrocellulosé lacquers 
after “dewaxing.” Damar is an exudation and is obtained from the 
East Indies, Malaya and Siam. It comes on the market in the form of 
yellow lumps or granules. Seed damar is a fine variety containing 
resin dust. . ος 

Many different types of damar are produced. Batavian damar is 
generally considered to be a first grade resin. It originates from Sumatra, 
Borneo and Java. Pedang (or Padang) damar comes from Sumaira. 
Singapore damar is not such a good grade as Batavian and consists of 
a mixture of damars from various sources. Pontianac damar and Borneo 
‘damar both originate from Borneo. The latter grade is smaller and. 
dirtier than the former. Hiroe damar is also of Borneo origin and is a 
fossil type. Yelow Siam. damar is & very pale grade. Black damars 
are also available, and these include Batu damar and black East’ India 

. damar. Both originate in Malaya. The resins are dark coloured and 
are mixtures. Barry gives Hitam as the best grade of black damar with 
Senggi as a softer grade, Stock has described a black damar from Sumatra. 
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Mata Kuching damar was found to consist of pale and dark resin. The 
pale grade is stated to be satisfactory for varnishes. Gardner and 
Sward have examined a Brazilian damar and report that it is less soluble, 
paler and harder than Singapore damar.** 

Manila copal is sometimes called white damar. 

Composition.—Damar consists chiefly of a mixture of two resenes, 
c-damar resene and f-damar resene. In addition, damarolic acid is 
present. The resenes constitute about 60 per cent of the resin. 

Solubility—-Damar is soluble in aromatic hydrocarbons, aliphatic 
hydrocarbons, turpentine, ethyl acetate and esters generally, chloro- 
form and carbon disulphide. It is insoluble or only partly soluble in 
alcohols, acetone and aniline. Damar does not always give clear solu- 
tions in solvents, and in white spirit especially the solutions may be 
distinctly turbid, Solutions in aromatic hydrocarbons or turpentine 
do not usually exhibit such pronounced turbidity, and it is frequently 
possible to clarify a turbid white spirit solution by addition of either of 
these two solvents. Mantell and Skett have indicated the wide variation 
in viseosity which is obtained by dissolving damar in various petroleum 
solvents.66 Resins which are not very soluble in benzine alone, are 
soluble in a mixture of benzine and a solvent containing a hydroxyl 
group, or in a mixture of benzine with a solvent containing a carboxyl 
group. ‘Thus solvents for damar comprise a mixture of benzine (90 parts) ' 
and ethyl alcohol (10 parts) or a mixture of benzine (95 parts) and 
diacetone alcohol (b parts).9? 

Purification. —Damars may be purified by solvent extraction. The 
following is a method of treatment. The damar is dissolved in a mixture 
of chlorinated hydrocarbon and alcohol. The insoluble material is 
removed by filtration and the filtrate evaporated to regenerate the 
resin, 5? 
|». Dewaxing. — One of the chief uses of damar is with nitrocellulose, 
but damar contains constituents described as “ wax’? which are not 
completely compatible with nitrocellulose. These are removed by solvent 
treatment. Dewaxing is accomplished by dissolving the damar in a 
good solvent and precipitating the wax by means of a non-solvent for 
it. Thus damar is dissolved initially i in ethyl acetate or aromatic hydro- 
carbons and methyl alcohol is added to precipitate the wax. ‘The clear 
filtrate is evaporated if desired to yield the dewaxed. damar. 

Testing—Damar is usually tested for suitability for use in varnish 
manufacture by conducting a few very simple routine tests on it. It 
is usual to test for solubility, amount of dirt and colour. These pro- 
perties can be examined simultaneously. About 40 grams of damar 
are dissolved by churning in 60 grams of solvent which may be white 
spirit, turpentine, or naphtha or blends of these. The solutions are 
allowed to stand and the supernatant liquid decanted off.. This may 
` be compared with the solution. obtained from a standard grade for colour, 
turbidity and viscosity. If the solution of the resin under test contains 
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not more than the amount of soluble matter in solution which is present 
in the standard solution, but has a higher viscosity, then the damar 
under test has inferior solubility. The material insoluble in the solvent. 
after decanting the supernatant liquid can be washed with solvent and 
weighed. The percentage insoluble can be compared with that in the 
standard damar and calculations made for price comparisons. 


Properties 


Damar has an acid value of the order of 30-35. It is a soft resin but 
powders with rubbing. It exhibits strong solvent retention as evidenced 
by the tackiness of its films. The tackiness is more apparent in short 
oil films than in the longer oil variety. Damar possesses a characteristic 
odour especially when warmed. Its durability is not good and hence 
it is used chiefly for interior decoration, The resin has good gloss, It is 
fairly resistant to chemicals due to the presence of resenes. Damar 
does not yellow appreciably. Methyl cyclohexyl stearate has been sug- 
gested as a suitable plasticiser. Se 


Uses 


The uses of damar may be enumerated as follows. It is used for 
pale crystal paper varnishes, varnishes for maps, ete., varnishes for 
toys, media for toy enamels, nitrocellulose laequers to improve the gloss 
and adhesion, overprinting varnishes and alkyd resins. 

In nitrocellulose lacquers damar has been compared with alkyds, 
modified phenolics and ester gum, and conclusions reached are that 
damar compares favourably with these resins for hardness, durability, 
water resistance and clarity of film. $9 "Mantell and Rubenkoenig, claim that 
except for alkyds, damar is superior to other resins for use in lacquers. 70 
` Other workers have compared. damar with other resins in mitro- . 
cellulose lacquers. The resins compared were run Congo, dewaxed 
damar, pure phenolic resin and maleic anhydride resin. The results 

. may be summarised as follows: Damar showed inferior alcohol resistance. 
Resistance to caustic soda was best with pure phenolic resin, followed. by. 
damar, Congo-and maleio resin. . Pure phenolic and damar were resistant 
to boiling water. Congo, damar and pure phenolic all resisted salt 
solutions, and all resins resisted the action of petrol.” ° 

Many claims have been made concerning the suitability of damars 
for incorporation in alkyds. Kemner mentions them as bodying agents 
for alkyds.” The effect of Batavian and.“ Run” Black East India 
damar on alkyds has been examined by Mantell, Skett, Holzberger and 
Alan, The latter yields darker and softer films but the former yields 
alkyds with good hardness and gloss which are palo in colour.”! 

A modification of damar is recorded in which.an alcohol is obtained 
from damar by reduction. This damar resin alcohol, when dissolved in 
a solvent comprising turpentine (40 parts), and alcohol (10 parts}; is ` 
used as a varnish for pictures.78 | 
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Rostn (CoLoPpHony) 


Rosin is used in considerable quantities in varnish manufacture: 
Many consumers of varnishes regard the presence of rosin in a varnish 
as an indication of inferiority. This assessment of rosin is only partly 
true, for whereas it forms the basis of many cheap finishes, it possesses 
certain valuable properties which are exploited with advantage in a 
variety of excellent finishes. 

Source —Rosin is contained in the exudation of the Pinus species 
which includes: P. palustris, P. maritima, P. pinaster, P. australis, 
P. laricis, and P. taeda, "The first mentioned is the source of American 
rosin, and the second provides the French grade of rosin, Resins from 
P. insularis, P. caribaea, P. insignis, P. pithyusa and P. sylvestris have 
been examined. 

Apart from America and France, rosin is obtained from Spain, 
Portugal, Greece, China and Mexico. 
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Production of Gum Rosin and Wood Rosin 


Gum rosin—Broadly speaking the varnish maker uses two different 
types of rosin, namely, gum rosin and wood rosin. Whilst the former 
variety is perhaps the more popular in the United Kingdom, the con- 
sumption of wood rosin in the United States exceeds that of the gum 
rosin. Gum rosin is an exudation product of the living tree obtained 
from the oleoresin. Wood rosin is obtained by more drastic treatment 
from. dead stumps. Since the production of these two types of rosin is 
different they are dealt with under separate heads. 

. Oleoresin is obtained by making an incision in the tree when the 
oleoresin runs ont and is collected. 

Collection of the Oleoresin.—Yhe oleoresin is collected. in open cups 
which are emptied from time to time. It may be contaminated with 
wood chips, bark, leaves, dust, insects and rain water. The use of 
covered cups has been suggested to prevent contamination by dirt, 
etc., and to prevent, simultaneously, excessive evaporation of volatile 
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constituents. When the oleoresin first exudes it is a clear viscous solu- 
tion of rosin in turpentine, the turpentine being almost pure pinene. 
Due to subsequent crystallisation and loss of volatile constituents the 
product collected becomes opaque and very viscous. Smith? estimates 
that as much as 8 per cent of water may be present also. About 75 
per cent of the oleoresin is rosin. This is obtained by subjecting the 
oleoresin to distillation. 

Treatment of the Oleoresin. Removal of Impurities —It is not possible 
to remove all the extraneons matter from the oleoresin before distillation 
but the lighter material, such as bark, wood chips, etc., which floats on, 
the surface of the molten rosin, is sometimes removed by skimming. 
This necessitates an interruption of the distillation process. The un- 
distilled residue constitutes rosin, and the distillate is turpentine, 
Distillation may be conducted with the assistance of steam or vacuum. 
The molten rosin in the still may be cleansed further by straining or 
filtering. High temperatures are necessary for these processes and may 
vary around 150° ©. If the molten rosin is strained it may be passed 
through a series of sieves and finally through cotton batting. Other 
methods of cleansing rosin from dirt consist in dissolving the rosin in 
a solvent, filtering the aolution and distilling off the solvent. Protected 
methods involve the separation of dirt by settlement. The density of 
the rosin is reduced by heating, or the rosin is dissolved in turpentine 
„or other solvent. The heavy dirt settles out. Separation of water may 
be effected also by settlement from a turpentine solution, and this pro- 
cess may be facilitated by adding water-soluble salts to increase the 
density of the aqueous solution. Rosin may be cleansed by distillation 
under reduced pressure.* This is not, however, a commercial proposition 
for mere removal of physical impurities, although vacuum distillation 
is used in Great Britain for the removal of chemical impurities, which 
have a harmful effect on electrical properties. Smith has oxaminod the 
question of dirt in commercial rosin. He reported that most grades 
had fine particles of dirt in suspension, in amount not usually exceeding 
0:1 per cent. He has shown also that the presence of water in rosin 
has a strong contributory effect in causing the appearance of suspended 
dirt, and emphasises that to obtain clean rosin it is essential to. remove 

` the water, either before filtration or immediately after. 

The following method was devised for the separation of water from 
rosin. A 30 per cent solution of rosin is made in turpentine and the 
temperature raised to. 95°C. The water is removed by separation or 
decantation and the turpentine solution filtered through filter paper. 
Aiter filtration 3-4 per cent of water remains in suspension and this is 
removed by washing with further lots of water at 95° C. Good clean 

' gum rosin results. 

‘Artificial Stimulation of Euudation. —The yield of resinous exudation 
may be increased by the application of an irritant to the incision. 
Irritants used include 20 per cent aqueous ammonia, a 50- per cent 
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solution of sulphuric acid or a 6 per cent solution of formic acid, A 
thinner exudation is obtained if an irritant is used." A more recent 
method of stimulation consists in removing portions of the bark and 
spraying the exposed areas with sulphuric acid (80-100 per cent). Hessen- 
land has given a comprehensive list of acids, alkalies and salts which may 
be used as stimulants.64 Loycke does not consider the presence of irritants 
in the oleoresin to be harmful usually, although they may affect subsequent 
esterification. Further, the presence of mineral acid tends to promote 
the conversion of the resin acids to abietic acid. Its effect, however, is 
nullified by heating at 210° C, for fifteen minutes.9 

Production of Rosin by Solvent Hatraction—Rosin may also be 
extracted from raw wood by solvent extraction. Solvents used are 
solvent naphtha,’ and aliphatic water miscible solvents. A protected’ 
method involving the use of a water miscible solvent consists in extracting 
the wood with this solvent. A low boiling petroleum hydrocarbon is 
added which is a solvent for the rosin but which is immiscible with the 
original extraction solvent. The rosin is obtained by separating the 
hydrocarbon solution and evaporating the solvent. 


Wood Rosin 


The great. pine forests of America—a belt of some thousand miles 
long and two hundred miles wide—situated along the seaboard of the 
South and South-Eastern States, began to shrink critically. In the 
place of the majestic trees vast numbers of protruding stumps were 
left. It is from these dead and weathered stumps, either blown out of 
the ground by explosives or wrenched out by special tractors, that. vast 
amounts of wood rosin are produced to-day. 

The weathering occupies at least ten years, and during this time the 
composition’ of the original oleoresin alters substantially. Whereas, 
originally it was a solution of rosin in turpentine, weathering produces 
considerable changes. The pinene is converted in part, to other cyclic 
hydrocarbons and alcohols, and the rosin- turpentine ratio alters from 
3:1 to 6: 1.5 

Weathering of the stumps is essential. to remove the useless outer 
sap wood, and to expose the valuable heartwood. The portion of the 
stump which is used, is that extending to about two feet below the ground 
——the tap-roots are cut off and discarded. The prepared stumps are 
then shredded into thin short splinters. 

Garvie (loc. cit.) states that the turpentine and rosin are obtained 
from. the wood by two processes, but the second mentioned is the more 
popular. 

1. Volatile constituents are first removed by saturated or super. 
heated steam, and the residue is then extracted with solvent to remove 
the rosin. 

2. Alternatively, the wood is immediately extracted with a suitable ` 
solvent, and the resultant solution is fractionated by distillation. 
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The resultant rosin solution is treated to remove soluble oxidised 
compounds, filtered to remove extraneous matter, and then evaporated 
under reduced pressure. Wood rosin, FF grade, is obtained. 


Refinement of Rosin. Colour 


The production of pale rosins has been the subject of much investiga- 
tion. This is especially true of the wood rosins which are naturally a 
dark ruby-red colour, and probably most of the attention has been 
devoted to these rosins rather than to the gum rosins. 

In short, the improvement of colour of rosin is effected by two methods, 
namely, treatment with activated earths or by selective solvents. The 
former method has been described by Garvie, and it consists in first 
washing the rosin solution (20 per cent concentration) with water to co- 
agulate colloidal matter and then in passing it through vertical towers 
packed with earth. The mechanism of the decoloration involves, first - 
a preferential absorption of rosin by the earth, and subsequently an 
absorption of colouring matter by the rosin-saturated earth, and an 
elimination of the previously absorbed rosin, The resultant pale solu- 
tion is distilled under vacuum to yield a pale rosin. 

About a quarter of the original weight of rosin is retained by the 
earth, but this is substantially reclaimed by a mixed solvent treatment. 

Many methods for rosin refinement or decolorisation involving solvent 
treatment have been patented, and whilsb some of them are applicable 
to large-seale production, others have never been developed from the 
research laboratory stage. The methods used may be sub-divided into 
: the following groups :— 


(a) Treatment with solvent only. 
(6) Treatment of rosin solution with a chemical reagent. 
(c) Chemical treatment of rosin followed by solvent extraction. 


Solvent Treatment 


Rosin is dissolved in a low boiling petroleum hydrocarbon, and the 
solution diluted to give a rosin concentration of 7-10 per cent. . Some 
precipitation oceurs. The precipitate is removed and furfural added. 
‘This results in the separation of two layers.. A pale rosin is obtained 
from the top layer after removal of petroleum hydrocarbons, by dis- 
tillation.? The presence of water in the furfural is claimed to be ad. 
vantageous. A similar method consists in dissolving the rosin in a 
petroleum hydrocarbon containing furfural, and the insoluble reaction 
products are separated 18 

. A gaseous hydrocarbon, which by adjustment of temperature and 
pressure can be liquefied, is used as a rosin solvent.. Coloured compounds 
are removed by extraction with an immiscible solvent. 5 , 

The impurities in rosim may be dissolved out of a solution of it by - 
means of a nitroparaffin, the nitroparaffin being immiscible with the 
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rosin solution. ‘The rosin solvent and the nitroparaffin are used in the 
ratio of 25:20 by volume. The nitroparaffins may be replaced by 
nitroalcohols2® Rosin may be purified by extraction with methyl 
_ alcohol or an alcoholic solution-of resorcinol. 

The solvent treatment sometimes simply consists in dissolving the 
rosin in a suitable solvent, separating the insoluble matter and reclaim- ` 
ing the rosin by evaporating the solvent. A low boiling petroleum | 
hydrocarbon, rich in hoxane, with an aniline point above 60°, used in 
amount up to ten times the weight of'rosin, has been suggested as a 
satisfactory solvent.95 


Treatment of Rosin Solution with a Chemical Reagent 


A solution of rosin is treated with a solution of oxalic acid in’ a non- 
aqueous solvent which is immiscible with the rosin solvent. The coloured 
compounds of the rosin are thus removed.!?. 9 An organic solvent 
which is immiscible with the rosin solvent is used as a vehicle for intro- 
ducing sulphur dioxide which effects the removal of coloured compounds. 
A hydrocarbon solution of rosin is washed with an hydroxyalkylamine. 
Alkylamine oxyabietate is precipitated and the rosin is obtained from 
the clear solution by evaporation. Rosin is refined by treating. it with 
a halogen ab 150—360? C5 A solution of rosin in hydrocarbon is 
treated with an aqueous solution of silicofluoride. After removal of 
the silicofluoride solution the rosin solution is treated with an immiscible 
solvent for extraction of coloured substances." An organic thiocyanate 
immiscible with the rosin solvent is added to a rosin solution. After 
the reaction the rosin solution is separated.!? A purified rosin is obtained 
from crude pine resin by extraction with paraffin oil. The extract is 
treated with caustic soda and the solution of alkali salts when separated 
can be treated with acid to regenerate the rosin.?® 


Chemical Treatment of Rosin followed by Solvent Extraction 


When rosin is heated with a boron compound at 100°-225° C. a re- 
action occurs between the boron compounds and the colour bodies of 
the rosin. Since this reaction product is insoluble in rosin solvents, the 
refined rosin can be obtained by extraction.!? 


Other Methods of Refining 


There are other methods of refining rosin which are difficult to place 
under any one particular heading, and for convenience only they are 
grouped together. 

Rosin may be bleached by the action of sunlight or ‘ultra, violet light 
but obviously the method presents difficulties on the commercial scale. 
| Another method of purification consists in treatment. with phenol 
or furfural, followed by vacuum distillation,” 
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Or the colour can be improved by melting the rosin and allowing the 
impurities to settle for from half to one hour. The clear melt is decanted 
into a second vessel and boiled for one hour with sodium chloride solu- 
tion, The boiling is continued with successive lots of salt solution until 
a pale rosin is provided.“ 

Blowing of rosin at elevated temperature (250°-350° C.) with carbon 
dioxide, nitrogen or steam, results in the removal of volatile constituents 
and has the dual effect of reducing odour and eolour.5? 


Composition 


According to Smith ? rosin consists of approximately nine parts of 
isomeric acids with one part of neutral or unsaponifiable matter. Small 
amounts of impurities may be present also. The principal constituent 
of rosin is abietie acid. or its isomers. Some investigators have attributed 
the difference in behaviour of rosins to the existence in them of different 
acids. Thus Kemner states that the chief acid constituent of most 
European rosins is pimaric acid in contrast to other rosins containing 
abictic acid.*4 

Tochirch separates rosins into two groups depending upon whether 
they contain pimaric or abietic acid, American rosin contains abictic 
acid and French rosin pimario acid.” Resin from the Alpine fir contains 
abietic and probably pimaric acid as well.?6 

From Swedish pine oil, Aschan has obtained an isomer of abietic acid, 
pinabietie acid,?* and from American and Finnish rosins he has obtained 
_ a number of colophenic acids.28 Fahrion believes these acids are oxy- 
abietic acids.*® American rosin, according to Stock contains «, 6 and 
y abietic acids.29 Other acids said to be present in rosin include sylvie, 
«, B and y pinic acids,*! and sapiuic acid. Mixtures of sapinic acids were 
obtained from Scandinavian pines. Vocke reports the presence in 
American pine rosin of sapic acid. It deposits from freshly prepared 
resin on standing.*? Dieterich records the presence of some pyrocatechuic 
acid. Matlack and Palkin have found among the neutral compounds 
of rosin, resenes, hydrocarbons and esters. These components may be 
separated from the acids by neutralising the acids with alkali and 
extracting the soaps, thus formed, with ether.2> The composition of 
pine resin undergoes changes on ageing or heating.39 

The Chemistry of Abietic Acid—Considerable investigation work 
has been conducted on the chemistry and constitution of " abietio acid. 
and allied compounds. Fahrion, Easterfield and Bagley, Virtanen, 
Kolbe, Grim, Kohler, Levy, Dupont, Stock, Aschan,?7, 38 Soane,?7 
Paul,®! Cohn,28 Knecht and Hibbert, Klason and Köhler, Ruzicka, 
Arbusov, Kraft, Arbuzov and Schapschinskaja, Palkin and Harris, F'ieser 
and Campbell, Bevan, Fleck and Palkin, Sternbach and Lombard,?? 
have all contributed to these aspects of the subject. 
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Properties 


Physical and Chemical.—Rosin is a brittle resin which powders easily 
between the fingers. It becomes sticky readily when warmed. 

From the point.of view of electrical insulation, gum rosin is superior 
to wood rosin, at least in the presence of mineral oils, although there is 
little to choose between the two types of rosin in solid form. 

Colour —The colour varies considerably from very pale yellow to a 
dark reddish-brown and even black. Standards issued by the Depart- 
ment of Agriculture, U.S.A., are designated by letters. Thus the darkest 
grades occur in the range from A to F, with the palest grades from N to X.. 
A good series for adoption as colour standards would include samples 
of D, E, T, G, H, T, K, M, N, WG, WW and X. D grade is almost black, 
EF grade is specially reserved for wood rosin. WW is sometimes 
described as water white although this description is not strictly true. 
WG is described as window glass grade. Sometimes rosin is sold under 
the designation EP. The French system of grading is by including the 
letter A in the description. Thus the greater the number of A's used 
the paler the grades. 

Melting-point, Acidity, Solubihty.—The me iting. -point of. rosin 18 
about 60° C. by the capillary method, but in exceptional circumstances, 
if it is in a highly crystalline condition, much higher figures are obtained. 
Tt has an acid value of 168-172. Wood rosin, grade FF, sometimes has 
a lower melting-point and acid value than American gum rosin. Rosin 
is readily soluble in most organic solvents, including aliphatic and aromatic 
hydrocarbons, turpentine, ketones, chlorinated hydrocarbons, carbon 
disulphide, alcohol, esters, and drying oils, both unpolymerised and 
polymerised. Jt has, moreover, outstanding compatibility with most 
other varnish constituents. Rosin reacts with maleic anhydride to 
yield valuable resins, an aspect which is discussed in greater detail 
elsewhere. 

Aimospheric Oxidation. —RBosin undoubtedly deteriorates on exposure 
to air, especially if the rosin is in a finely divided form. Samples of rosin 
powder have been examined by the Author and have shown a substantial 
amount of matter insoluble in white spirit and oils. Fahrion believes 
that the deterioration of rosin on exposure to air is due to the formation 
of unstable peroxide acids which are insoluble in petroleum hydro- 
carbons.46 

The Reactions between Rosin and Maleic Anhydride, Metallic Oxides 
or Glycerol—The reaction between abietic acid and maleic anhydride 
has been studied, by Ruzicka,“ Arbusov and others. Arbusov has 
reported the difference in reactivity of rosin acids with maleic anhydride. . 
Many rosin acids react readily to yield addition products, but the acids | 
from French rosin do not undergo this reaction. 

Being acidic, rosin reacts readily with basic and other oxides to yield 
metallic soaps. Metallic soaps are dealt with at length in the chapter 
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devoted to their consideration. Its high acidity causes feeding with 
basic pigments. Rosin ester is another valuable reaction product. | 

Liebermann-Storch Reaction —Rosin gives positive results for the 
Liebermann-Storch and Halphen-Hicks tests even if it is present in 
small amounts only, or in the combined form as in ester gum, rosin 
modified phenolic resins, and resinates, ete. Alkyds sometimes interfere 
with these tests. . 

Peptising Action, Reclamation of Gels——Rosin is a very good solvent 
and may be used as a stabiliser for varnish compositions of uncertain 
stability, and as a flux during the melting of certain resins and other 
substances. It has a strong peptising action on partly gelled oils and is 
especially effective in regenerating highly bodied tung oil, All that 
is necessary is that the rosin is added rapidly to the hot melt in the form 
of small pieces and stirred vigorously. If the operation is successful the 
highly bodied mass will be broken down in a few minutes. Similarly, . 
it may be used with tung oil during its heat treatment, The time for 
gelation is lengthened considerably and varnishes are obtained which 
permit the addition of very large amounts of thinners. 

Effect on Dry—Varnishes made from rosin do not dry very well in 
that they have a tendency to possess residual tack, unless they are formu- 
lated with large amounts of tung oil. 

Crystallisation—A defect of rosin which is often disturbing is its 
tendency to crystallise from solution. The tendency to .orystallise 
may occur with alcoholic or white spirit solutions, although it is more 
common with alcohol. The common practice of producing spirit varnishes 
based on Manila-rosin mixtures often demonstrates the phenomenon. 
Tt is necessary to keep the concentration of rosin within limits if trouble 
is to be avoided, although the presence of Manila resin does appear to 
help in maintaining the rosin in solution. The tendency to crystallise 
is believed to be due to the presence, in the rosin, of acidic isomers of 
indifferent solubility, Albertson has examined the crystallisation of 
_ rosin? Methods of preventing crystallisation have been suggested. 
A rosin with no crystallising tendency is made by allowing the original 
oleoresin from the tree to crystallise completely. The crystals are removed 
by filtration and the rosin obtained by evaporation of volatile material. 
' Heating of rosin at clevated temperature is also suggested as a means of 
- reducing tendency: to crystallisation. Temperatures used are from 
2607-325? C. and the duration of the heat treatment varies from 

ten minutes to eight hours.“ The addition of 2-5 per cent of fatty 
soap to rosin is another method suggested.“ A crystallisable rosin, 
to which has been added 0-25-1-0 per cent of synthetic’ resin is claimed 
‘to be non-crystallisable.” ‘Che addition of damar (0-3 to 15 per cent) 
is also said. to be effective in. this respeot.97 

Subjection of a film of molten wood rosin to a high voltage discharge 
in the presence of hydrogen, causes both a reduced tendency to crystallise . 
and an increased melting-point. There is, of course, the possibility of 


108 


Natural Oil Varnish Resins 


changes occurring as the direct result of the discharge and because of 
- some hydrogenation. 

Effect of Heat—La Lande has examined the effect of heat on abietic 
acid from wood rosin over a temperature range of 175°-385° C. for from 
one to fifteen hours. At lower temperatures anhydrides are believed: 
to be formed, but at higher temperatures decarboxylation becomes 
more pronounced. The volatile decomposition products include carbon 
monoxide, carbon dioxide and water. Two different methods of de. 
carboxylation are suggested. In the first, the acid disintegrates into 
the hydrocarbon (C,gH39) and carbon dioxide. In the second the acid 
yields another hydrocarbon (C,)H,,), carbon monoxide and water.” 

Brodschi has investigated the vapour phase cracking of rosin. Gases 
were obtained comprising carbon monoxide, carbon dioxide, hydrogen 
and aliphatic hydrocarbons, together with a liquid with an extended 
boiling range (30°-200° C.) comprising benzene, toluene and xylene, ` 
cymene, cumene, ¥-cumene and cyclohexadiene. A high boiling mixture 
(above 200° C.) contained anthracene, phenanthrene, retene and naph- 
thalene.48 


Rosin Oll 
The distillate obtained when rosin is distilled is chiefly crude rosin. | 
‘oil, which comprises a mixture of rosin acids and hydrocarbons. The 
actual composition of the final product is, however, determined by the 
care taken in the distillation. Decarboxylation of the resin acids is 
greatly facilitated if the distillation is conducted slowly, or if small 
amounts (0-5 to 2-0 per cent) of calcium carbonate are present.?? 

The crude oil is also usually washed with alkali to further. reduce 
its acidity, and. may be redistilled, Rosin. oils with zero acidity are. 
possible. Crude rosin oil is sometimes known as kidney oil. Rosin oil 
is a pale yellow to reddish- brown viscous liquid with a specific gravity . 
of 0-945—1-000. 

Its chief value lies in its. great penetrating property and this is 
exploited in varnishes for window envelopes and in impregnated paper 
for insulating purposes. It sometimes forms the basis of certain types 
of printing ink. 

During the war, because of its drying properties, it has been employed 
as a linseed oil substitute, and a component of emulsion paints. 


Routine Testing 
Because of its cheapness rosin is rarely adulterated. A routine 
laboratory examination. would include tests for colour, clarity, acidity, 
` solubility in white spirit, alcohol, and drying oils, and tendency to 
crystallisation. If the rosin is to be used for special purposes such as 
the production of limed rosin, ester gum, maleic anhydride resin, or 
modified phenolic resin, its behaviour during. the formation of these 
products should be investigated critically, and the properties of the. 
resultant products such as solubility, eto., should be checked, 
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Palkin and Smith have recorded simple methods for assessing the 
crystallising tendency of rosin. The time necessary for crystals to 
develop at 100°-105° C. is noted. The rosin may be dissolved in an 
equal volume of drying or mineral oil and the time necessary for crystals 
to develop recorded under these conditions. The crystallisation test is 
best conducted in a flat-bottomed copper vessel. Alternatively, a test 
tube is filled with rosin lumps which are covered with acetone. If the 
rosin has a tendency to crystallise, crystals will separate within an hour.1? 

It is interesting to note that in the determination of saponification 
value of rosin, the value increases with molecular weight of alcohol used 
as solvent.5? 


Rosin Modifications 


Chemically Activated Rosins.—Rosins containing a trace of catalyst, 
which are specially reactive with glycerol, lime, litharge, etc., are 
marketed. The amount of catalyst present is claimed to be too small 
to affect other properties adversely. 

Polymerised Rosin—Apart from the modifications of rosin already 
mentioned such as conversion to metallic soaps or esters, others have 
been made. The unsaturated nature of rosin makes polymerisation 
under certain conditions possible, and this property has been exploited 
in the manufacture of polymerised rosins on the large scale. It is now 
possible to polymerise rosin to the dimer stage to yield a product with 
a melting-point of 176? C." which will be available shortly, but the 
present commercial product is a mixture of polymerised and unpoly- 
merised rosin. The polymer is present to the extent of 30 to 40 per cent. 
-Polymerised rosin has been produced by treating a solution of rosin with | 
boron trifluoride below 50° 0.51 The duration of the treatment varies 
from five to 120 minutes. Another polymerising agent is concentrated 
sulphuric acid. A solution of rosin in a monocyclic aromatic hydrocarbon 
is treated with concentrated acid at — 10°-65° C. The solution of poly- 
merised rosin is separated from the acid, and the polymerised rosin. is 
recovered by evaporation of the solvent? In place of the aromatic 
hydrocarbon a volatile halogenated organic solvent, which is stable to 
concentrated sulphuric acid, may be used. Using a petroleum hydro- 
carbon as solvent for the rosin, the solution is treated with 81 per cent. 
aqueous sulphuric acid at a temperature between 0^ and 40? C. Since- 
the reaction occurs with evolution -of heat, cooling is. necessary.™ 
The heat treatment of rosin in the presence of a minimum of 2 per 
cent of a mono alkali sulphate or. phosphate also affects appreciable 
polymerisation.” Other polymerisation catalysts include anyhdrous 
hydrofluoric acid, fluoborie acid, and dihydroxyfluoboric acid.5¢ 

Rosin esters are catalytically polymerised by identical means.” 
There seems to be practically no end to the ‘possible modifications of 
rosin, for patents have now been taken out covering the hydrogenation 
of.polymerised rosin or its esters in solution under pressure. Hard 
products of improved resistance are claimed.” | 

110 


Natural Oil Varnish Resins 


Polymerised rosin has an acid value rather lower than that of rosin 
itself but its melting point is appreciably higher? Other properties 
claimed for polymerised rosin are improvement in colour and solubility, 

The improvement in solubility is demonstrated in solutions which. do 
not erystallise, although by comparison with similar solutions of gum 
rosin they have a higher viscosity. These proper ties are also possessed 
by esters or metallic soaps of polymerised rosin. 

According to Cahall (Joc. cit.), polymerised rosin contains. a trace 
of melissyl laurate and this separates as a floceulent precipitate from 
alcoholic solutions. 

Polymerised rosin has a lower degree of unsaturation than its parent 
material, and tends to oxidise less. 

Polymerised rosin is destined to have an important future in varnish 
manufacture. Exceptional outside durability can hardly be expected 
for it, but it is already used, as the calcium soap, in substantial quantities, 
in interior finishes. Polymerised rosin gives varnishes with harder 
films and improved water and alkali resistance, by comparison with 
similar gum and wood rosin products. 

It yields hard pale ester gums and is valuable for the production of 
both maleic anhydric and modified phenol formaldehyde resins of im- 
proved properties, 

Polymerised rosin blends with shellac, spirit Manila, zein, ethyl cellu. 
Jose, and most of the commoner varnish constituents. 

Hydrogenated Rosin—-Hydrogenation of rosin has been attempted 
with the object of reducing its tendency to oxidation and discoloration, 

Hydrogenation is accomplished using hydrogen at 200 to 15,000 Ib. 
per square inch pressure at elevated temperature in presence of a base 
metal catalyst. The treatment is continued until the resin has become’ 
at least half saturated.5* . Hydrogenation catalysts suitable for use with 
abietic acid or abietyl alcohol include platinum, palladium, nickel and 
copper chromate.” Heat or alkali activated granulated nickel-aluminium 
or nickel-silicon alloys have also been suggested as satisfactory catalysts." 

Under commercial conditions hydrogenation does not go to completion; 
on a basis of two double bonds, saturation occurs to about 60 per cent. 

of theoretical. 

Hydrogenated rosin has been vacuum. distilled to yield an almost 
colourless resin.54 

The composition of hydrogenated rosin has been given by Cahall 7° 
. a8 follows : E 


Per cont 
Laetonisable dihydro resin acida , . . . 60 
Tetrahydro resin acids ; . . vw . . . 1 
Dohydroabietie acid . . . . . . 7 
Abiotic type resin acids - . . . . . . 8 
Unidentified resin acids . . . . . . © T 
Neutral material .  .. ᾽ . 9 


All the resin acids which have been identified have a triple ring or a 


phenanthrene nucleus. . 
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Apart from a reduction in the tendency to oxidise, hydrogenation of 
rosin modifies its properties in several other ways. A certain amount 
of degradation occurs during hydrogenatión, resulting in the formation 
of a small quantity of material of low melting-point. This has the 
effect of reducing the melting-point of the final resin slightly below that 
of ordinary rosin. Although hydrogenated rosin retains its colour on 
exposure to light and air at normal atmospheric temperatures, loss of 
colour occurs on heating. 

Hydrogenated rosin is soluble in aliphatic and aromatic hydrocarbons, 
and in alcohol, and is compatible with most varnish making oils and 
resins. 

Solutions containing a high percentage of the resin (40 per cent or 
higher) orystallise on storage, but when used in admixture with poly- 
merised rosin, Manila, damar, shellac or zein, this tendency is con- 
siderably reduced. 

Hydrogenated rosin can be used for most of the purposes where gum 
or wood rosin are used, with the advantage of colour retention; for 
. example, in the preparation of resinates and ester gums; but it is of 

little value for the production of maleic or phenol formaldehyde resins 
by reason of its low degree of unsaturation. 
Oxidised Rosin-—Rosin can be oxidised by blowing air through it. 
Experiments have been recorded in which molten rosin is blown with 
‘air in the presence of 1 per cent of cobalt oxide (CoO). Substantial 
increase in melting-point was obtained depending upon the duration of 
the treatment. Blowing caused a marked increase in the amount of 
material insoluble in petroleum ether (from 18 to 46 per cent); a reduc- 
tion of acid value from 159-6 to 145-3, and a reduction in saponification 
value from 170-0 to 161-3.5? 
A resin hag become available in recent years under the name “ Vinsol.” 
Tt is a highly oxidised rosin. It is composed of oxyabietic and other 
„resin acids, with normal abietic acid and polyphenols. It is insoluble 
in many of the normal rosin solvents and because of its general insolu- 
bility it was given the name '' Vinsol" which is said to be derived from 
“vary insoluble.” Vinsol is insoluble in petroleum hydrocarbons such 
as white spirit and petrol, turpentine, carbon tetrachloride, and carbon . 
disulphide. It is not very soluble in drying oils even on cooking. It. 
‘dissolves easily in alcohols, ether, Cellosolve, chloroform, ethylene di- 
chloride, acetone and esters. Solutions can be obtained in toluene if 
the concentration of resin is high. It is claimed that the resin can be 
rapidly cooked into tung oil, but the best method of obtaining linseed 
oil type varnishes is to react the resin with drying oil monoglycerides, 
The varnishes obtained are very dark in colour and have inferior dry, 
but are stated to have good durability. 

The resin is a, dark reddish-brown colour, has a melting-point of 115° C., 
saponification value of 158 and acid value of 100. Although the resin 
is brittle it can be plasticised with castor oil. Because of their high 
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dielectric strengths, '' Vinsol" resins are used in the- spirit type of air- 
drying insulating varnish. Other uses for these resins are spirit varnish 
- stains, nitrocellulose lacquers, spirit chassis blacks, asphaltum emulsions, 
printing inks, core binds, filler media, alkyd and other resins, and lacquers 

for resistance to petrol and oil, 8° ` 

Dehydrogenated Rosin.—The unsaturation of rosin can be reduced l 
by a process of dehydrogenation in the presence of suitable catalysts.” 
A commercial product containing 50 per cent dehydroabietic acid, 30 
per cent dihydroabietic acid and 15 per cent tetrahydro abietic acid is 
now available. 

Dehydrogenated rosin has a slightly higher melting-point than hydro- 
genated rosin, good resistance to oxidation, and has a pale colour. Ita 
high acid value makes it suitable for the production of glycerol and other 
esters, or for metallic soaps. 

Other Modifications-—A protected. process is described whereby rdsin 
is modified by heating with dry formaldehyde, paraformaldehyde or 
hexamethylene tetramine at 120°-150°C. The product is heated sub- 
sequently under vacuum at 230° C. in the presence of a catalyst. The 
modified rosin produced is harder than the base resin and has a higher 
melting-point. It yields solutions of higher viscosity. Tt has no in- 
hibiting effect upon. the drying of linseed oil. 

Rosin may be condensed with benzyl chloride using zine chloride as 
catalyst. The product may be esterified with glycerol if desired,“ 
The melting-point of rosin is increased by grinding with bleaching powder. 
After allowing to stand for ten to fifteen days in absence of air, the caleium 
salts are removed [by washing and the product heated to 150°-200° C.% 


Uses 

-Rosin is a very versatile raw material, and in , spite of the fact that 
it is regarded generally as cheap and. inferior it is probably used in more 
different types of finish or composition than any other raw material. 
As limed rosin for gloss oils it is used in very large quantities. Gloss 
oils are used frequently as media for producing cheap quick air-drying 
enamels, or for admixture with oil to yield cheap paint media. Rosin 
is used in substantial quantities in the production of resinate driers, 
In conjunction with wood oil, rosin yields good water-resisting varnishes 
with. satisfactory durability. With linseed oil poor drying varnishes 
with inferior durability are obtained. Rosin is an important com- 
- ponent. of synthetic resins, being used with phenols and formaldehyde 
either as rosin or in the form of ester gum. It reacts with maleic anhydride 
to produce maleic resins and is used in alkyds for the production of rapid 
air-drying varnishes where speed of set and dry are the chief considera- 
tions. Rosin is used as a peptising agent for the reclamation of wood 
oil gels or as a flux in solubilising difficultly soluble resins. Either alone 
. oF with lanoline, rosin forms the basis of rust-preventing solutions which 
can be removed easily by white spirit or paraffin. Rosin is used in 
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stantial quantities with spirit Manila in. spirit varnishes of many types, 
although the amount of rosin it is possible to introduce is limited by 
solubility considerations. Rosin will be found as a cheapening agent 
in many compositions employing expensive synthetic resins. 


CONSTANTS OF SIMPLE AND PROCESSED ROSINS 
































Reference Remarks M, Pt.* A.V. Solubility Uses 
Gum rosin e 58? C. 160-172 C.S. aliphatie and | Cheap varnishes 
(capillary) aromatic hydro-| and media, gloss 
carbons, aleo- oils, resinates, 
hols, anc most ester gum, syn- 
varnish con- | thetic resins 
stituents 
Wood rosin e 537-63? C. (150—168| Aa gum rosin As gum rosin 
: (capillary) 
Staybelite | Hydrogen- | 7149 C. 162 |As gum rosin. | Ester gums, modi- 
resin A.2 | ated rosin | (Hercules’ Tendency to | fied synthetic 
drop crystallise from | resins, resin- 
mothod) solution at high | ates, adhesives. 
concentrations Practically non- 
yellowing 
Dehydro- Slightly | High | As gum rosin To substitute 
gonated higher hydrogenated 
rosin. than. rosin 
hydro- : 
gonated. 
rosin 
Polymerised 77° ©. 1135-164) As gum rosin, but | As gum rosin, but 
rosin (capillary) less tendency to] products are 
: crystallise generally 
harder 
Vinsol rosin Oxydisod lil? C. 98 0.8, alcohol, | Insulating var- 
Tosin (Hercules? esters, P.S.aro-  nishes, spirit 
drop matie hydro-| varnishes and 
method) carbons,  I.S.| stains, nitro- 
drying oils, tur- | cellulose lac. 
peutine. P.S.H.| quers, asphalt 
dryiug oils emulsions 














* Melting- “points by the drop method aro approximately 20° " higher than those 
of the capillary methad. | 
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"TALL OIL 


Tall oil was just beginning to become popular at the outbreak of the 
war. After several years of. war it has definitely established itself as 
a raw material in cortain types of paint and varnish products. This is 
especially true in the United States of America, on the Continent of 
Europe and in the U.S.S.R, In Great Britain, on the other hand, it ia 
still known, to the majority, by name only. 

Production.—Tall oil is a rosin product known also as ‘‘ Tallol ” or liquid 
rosin, It is a by-product of the paper pulp industry using the sulphite 
process, and is obtained by hydrolysis of soaps of the alkaline waste 
liquors. It may be a tarry viscous liquid, with a strong smell, but its 
colour and smell varies, especially if it has been subjected to refinement. 

Tall oil melts about — 20? C. and has a boiling-point of 270? C. at 
40 mm.! The actual composition of raw tall oil varies considerably. 
Tt contains unsaturated acids of Cs type, rosin acids, and unsaponifiable 
matter. A rough idea of the composition and properties of tall oil can 
be pleaned from a consideration of the properties of the components of 
a suggested substitute. This consists of a mixture of rosin oil containing 
‘a substantial amouut οἱ abietic acid, with vegetable oil fatty acids, 
eg, oleic, linoleic, eto. 

Purification —Because of its variable composition and oortain dis- 
advantages its purification has attracted much attention. Refined 
odourless tall oil is obtained by heating at 150? C. under vacuum, and 
passing steam through it. Impurities may bo. deposited during the 
process and these are removed. 

Alternatively, ib is refined. by ordinary distillation or by distillation 
with superheated steam under vacuum. The latter process increases 
the saponification value. Other methods of refining include solvent 
extraction, for example with petrol or furfural, hydrogenation, or crystal- 
lisation. Resin acids are removed from tall oil by crystallisation. Kolle 
suggests that resin may be removed from tall oil by chilling, and clarifica- 
tion may be effected by three months’ ageing.4 l 
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An American patent claims to separate the fatty acids of tall oil 
from the resin acids by what seems to be a curious selective esterification 
process. Allyl esters of the fatty acids are produced by reaction with 
methyl alcohol, and the resin acids are converted into metallic soaps. 
The esters are separated by distilation.|? A subsequent patent based 
on the same theory of selective esterification describes the use of crude 
wood alcohol in the presence of hydrochloric acid and formaldehyde. 
Upon the addition’ of water an insoluble ester-resin acid complex 
separates. 


Uses 


Tall oil to which the usual driers are added, dries, in time, to a brittle 
film and it is nob surprising therefore, that its drying properties have 
stimulated the interests of formulators. They perceived in tall oil a cheap 
film-forming substance, possibly replacing in part, both the drying oil and 
the resin of varnishes. Tall oil has been vulcanised with sulphur chloride, 
' and oxidised by blowing at elevated temperatures. 

But untreated tall oil does not appear to have been used much as. 
such, except perhaps in the manufacture of modified alkyd resins and 
in some rust-proofing paints. These are claimed to have good durability, 
and best results are obtained with one part of alkyd to four parts of lin- 

seed stand oil. Composite alkyds containing tall oil, and sunflower, 
_ soya bean, or cottonseed oils have also been prepared, and these have 
yielded satisfactory varnishes and enamels.” 

An alkyd resin which forms the basis of an air-drying varnish contains 
tall oil 36-36 per cent, semi-drying oil 11-23 per cent, phthalic anhydride 
33-1 per cent, and glycerol 19-31 per cent. The resultant varnish dries 
well and possesses good durability, water and oil resistance.’ 

Tall oil fatty acid modified alkyds are compatible with nitrocellulose, ᾿ 
Tall oil can be used in rust-proofing paints with red oxide of i iron, but not 
with basic pigments." 

With the above exceptions, it is the products from modified tall oila 
which have been found most valuable generally, 


'Tall Oil Esters 


If the fatty acids present in tall oil are esterified, a product is obtained 
with drying properties. The drying rate is not so good as that of most 
of the common drying oils, in fact, the glycerol ester requires seventy- 
two hours to set to a solid film with added drier. The tall oil esters are 
therefore most satisfactory in admixture with better drying oils. © 

Results of work on mixed stand oils conducted by Niesen has. been, 
recorded.45 Stand.oils were made from mixtures of equal parts of tall 
oil esters and linseed, perilla, tung and oiticica oils, and a strong influence. ` 
in retarding heat polymerisation was: observed. Varnishes of alkyd . 

or phenolic character were prepared from these oils but the properties 
were disappointing, Drying rate was slow, and except for the tung oil 
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varnishes, the water absorption was exceptionally high. Embrittlement 
on ageing occurred with the alkyd varnishes. 

There is evidence, however,’ that when the pentaerythritol or glycerol 
esters of tall oil are used alone with alkyd resins that improved durability 
and drying are obtained. Copal ester, ester gum and certain other syn- 
thetic resins are also stated to effect some improvement in the durability 
of tall oil esters. Esterified tall oil fatty acids have been used as a linseed 
oil substitute in rust-proofing paints. A medium consisting of à mixture 
of one part of tall oil ester with four parts of linseed oil is claimed to give 
adequate rust-proofing for about four years. But it is a moot point 
that this evidence is strong enough to merit their wholesale adoption 
for durable exterior finishes. Their elasticity is inferiot to that of linseed, 
tung and oiticica oils. As with most vegetable and other types of drying 
oils careful processing and formulation are necessary for the best results ; 
this has been shown to be very true of oiticica oil—a relative newcomer 
to the field. The same contention, is, no doubt, also equally true of tall 
oil esters. Thus where durability is of prime importance, tall oil esters 
are used with caution. Nevertheless, they can be used in many types 
of short oil interior finish, with the advantage of cheapness. 

Variishes produced from tall oil esters yellow rapidly, and the esters 
themselves aro generally much darker in colour than the normal drying 
oils and possess more unpleasant odours. The acidity of the esters can 
be reduced sufficiently to permit use with basic pigments. 

The free fatty acids of tall oil may be esterified with glycerol, penta- 
erythritol, phenol or ethylene glycol.* 

Reinert states that the presence of resin acids in tall oil is ad- 
vantageous for most purposes and, therefore, they are not removed as 
a matter of course? . 


Tall Oil Soaps 


It is not unreasonable because of the acidic nature of tall oil that it 
has been used for the preparation of metallic soaps. Among the neutral- 
ising agents used for this purpose may be included the oxides of calcium, 
lead, magnesium, and zine, and the usual inorganic compounds of cobalt, 
manganese and iron commonly used in the manufacture of driers. 

Westgate advocates the treatment of tall oil with 5 per cent of lime 
at 280° C. for thirty minutes to obtain a product of improved drying 
properties and flexibility. Or raw or distilled tall oil is blown at a com- 
paratively low temperature (80°-200° C.) for about forty hours, bodied 
for about ten hours at a higher temperature (2509-300? C.), and then 

. „Subsequently neutralised. with lime.!? 

— Reaction with metallic compounds is also effected as a second stago 
to the esterification process. 

A tall-oil product with good drying properties is made by first reacting 
together tall oil (B8 per cent); rosin (28 per cent); and glycerol (14 per 
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cent); and the intermediate product formed is then neutralised with 
lime (1 per cent) and litharge (0-4 per cent) 18 

Complex metallic soaps are also prepared by esterifying the tall oil 
with 2-7 per cent of a monohydric alcohol of which butyl alcohol or - 
cyclohexanol are typical. Oxides of zinc, lead, or calcium, are next 
added at a higher temperature, and the heating continued until the acid 
value is reduced to 35 or lower. The product can be used as a medium 
with zine oxide without a tendency to feed.!? | 

The lime soaps of tall oil are used as gloss oils. The iron soaps have 
found application in stoving varnishes. The cobalt, manganese, and 
lead soaps are satisfactory driers, whilst the soaps of the alkaline earths 
possess good wetting and dispersion properties. 
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CHAPTER 5 
NATURAL SPIRIT VARNISH RESINS 


SHELLAC 


AvrHOUGE shellac is not used in the varnish trade in such large quantities 
as other natural and synthetic resins it has attracted a considerable 
. amount of interest. Much research and development work has been 
done. 

Source—Lac is the secretion of an insect, Laccifer lacca, which swarms 
on the twigs of special trees. A comprehensive list of host trees is given 
by Parry 

' The insects extract sap from the twigs but its constitution and the 
nature of the process involved for the production of lac are not com- 
pletely understood. Gibson * suggests that if the food for the lac insect 
could be produced synthetically, the insect could be cultivated under 
ideal conditions. 

The greater part of the world’s shellac supply comes from India. 
Assam, Burma, Indo-China and Siam supply smaller quantities. 
Attempts have been made to produce las in Abyssinia. Two crops of 
lac are produced yearly. Climatic influences seem to alter the properties 
of the lac produced. In the areas west of Calcutta lac has a yellow 
ot orange colour; in Assam it is pale red, and dark red in Siam. Other 
variations in properties may be due to the type of host tree, the time of 
the crop and the district, species of lac insect and method of cultivation. 
Shellac as used by the varnish trade may vary in properties for various 
reasons, including method of production and time of storage. 


Production 


Sticklac.—The inerasted twigs are scraped to remove the lac and 
this crude product is known as sticklac. The twigs may be scraped 
with knives, twisted by hand to remove the incrustation, or crushed in 

mills. Sticklac tends to become insoluble on ageing so that it is converted 
to seedlac rapidly. Parry * notes that deterioration of sticklac may 
arise from the fermentation of sugars, animal debris or proteins, or from 
the evolution of ammonia. 

Seedlac.—Seedlac is obtained from sticklac by crushing and separating 
the crushed product into wood splinters, dust and larger lac particles. 
Water-soluble impurities are removed by. agitation in water, which 
serves also to reniove dye, and the resultant product when dry becomes 
the seedlac of commerce. Lac is used in the form of seedlac in sub- 
stantial quantities. Seedlac tends to polymerise on storage. Constancy 
of quality of finished shellac is achieved by blending different grades of 

' seedlac before further processing. 
Shellac.—Lac.in the form of thin flakes is known as shellac, , This 
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may contain orpiment (arsenic trisulphide), the sole function of which 
is to mask the colour of the original shellac. It has been stated that its 
introduction is valueless and useless.” Rosin may be added to shellac 
during manufacture up to 20 per cent. by weight. T.N. shellac contains 
up to 3 per cent of rosin. 

Shellac is produced from seedlac by mixing it with rosin and/or 
orpiment if these adulterants are used at all, and the material trans- 
ferred to calico bags and subjected to a cooking process. The filtered 
mass obtained, when plastic, is stretched into thin shects from which 
common shellac flakes are derived. 

Garnet lac.—Garnet lac is similar to shellac except that it is usually 
darker in colour, is free from wax, and appears on the market in thicker 
flakes (fin.). It is manufactured principally from Kirie, which is the- 
residue remaining from the filtration of molten seedlac, 

Buiton lac—Button lac is manufactured by a similar method to that 
for shellac except that no stretching occurs and the molten lac is allowed 
to fall in small quantities on to flat surfaces, 

Dewaxed Shellac.—Ordinary shellac contains about 3-5 per cent 
of wax. If shellac is dissolved in industrial alcohol the solution obtained 
is turbid, due to the wax which does not dissolve but remains in suspension. 
The wax may be allowed to settle, or removed by filtration. Wax is 
removed from shellac by extraction with aromatic hydrocarbons such 
as benzene, toluene and xylene in the presence of water. The water 
is claimed to prevent polymerisation of the shellac.® The wax may be 
precipitated from an alcoholic solution of shellac by the addition of water. 
The clear filtrate may be worked up for wax-free shellac. Another 
method is to dissolve the shellac in aqueous sodium carbonate, filter off 
the insoluble wax and liberate the wax-free shellac by addition of acid. 

Dewaxed shellacs are obtainable by these means and yield thinner © 
and more transparent solutions. Rosin and orpiment are absent. The 
advantages assigned to dewaxed shellacs over bleached shellacs are that 
they have better tensile strength and solubility. 7 


Bleached Shellac 


Special pale grades of shellac are produced. These are known as 
bleached shellacs, obtained by chemical treatment, and as decolorised 
shellacs produced by special processes. The latter are claimed to be- 
free from the defects of the chemically bleached product. It is further 
claimed that the decolorised shellacs retain all the properties of the 
original natural lac. 

Lac is bleached by dissolving in a hot 2 per cont &olution of sodium 
carbonate. Sodium hypochlorite is then added with constant stirring. 
The bleaching is a gradual process and the mixture is allowed to stand. 
The’ bleached shellac is then precipitated from solution by the addition 
.of sulphuric acid. . Excess acid is removed by washing and the plastic. 
mass of shellac is converted. into hanks. Chloride of lime and chlorine 
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are other bleaching agents used. Bleached shellac in the form of hanks 
contains a considerable amount of occluded water as well as wax. The 
water may amount to as much as 25-80 per cent. A so-called bone dry 
grade of bleached shellac is sold and this contains substantially less 
water, usually about 5-6 per cent. 

Selection of Shellac for Bleaching.—Great care must be exercised in 
choosing a shellac for bleaching. The best grades of seedlac for bleaching 
are derived from kusum and khair lacs. Lacs from ber and palas hosts 
are inferior. If the sticklac used as the starting matorial is stored under 
conditions such that it tends to “ block,” it is less satisfactory for sub- 
sequent bleaching.? Gardner, Koprowski and Murty emphasise the 
importance of collecting lac for the manufacture of shellac from the 
tree at correct times, and the necessity for short storage. It should not 
be left on the host tree after the young insects have swarmed, since 
polymerisation may occur. When sticklac or seedlac is stored changes 
occur as evidenced by alterations in both physical properties and 
chemical constitution. Fluidity of the melted lae decreases and tho 
solubility in boiling acetone changes also.° 

Amount of Bleach Liquor Required.—Gardner and Harris record that 
the amount of bleaching liquor necessary varies with the percentage of 
resin insoluble in hot acetone. When the amount insoluble in acetone 
is 15-7 per cent, 54 per cent excess of bleaching liquor is necessary. If 
the amount insoluble is not more than 4-8 per cent no excess is required.1° 
Murty records that the nitrogen content of shellac controls the amount 
of sodium hypochlorite necessary. The amount of hypochlorite also 
varies with the colour of the initial seedlac. A preliminary washing 
of crude shellac with a very dilute alkali solution reduces the amount of 
bleach liquor required. Tf orpiment is present the time for bleaching 
is prolonged and the amonnt of bleach liquor increased. The presence 
of rosin has no material effect. Rapid bleaching tends to induce insolu- 
bility. After the hypochlorite has been used up further prolonged. 
contact with the alkaline solution results in the colour returning to the 
shellac. Hydrochloric acid splits off and the unsaturation of the shellac 
increases. During the bleaching process the chlorine is believed to 
‘enter the shellac partly by substitution and partly by addition. If 
old and polymerised seedlae is used as a starting material for bleached 
shellac, the product is more brittle than that from fresh seedlac and 
may need plasticising. 

. Other Methods of Production.—A bleached shellac in the form of 
needles, originating in Belgium, has been introduced, aud is said to be 
prepared by a spinning process, Bleaching is obtained by the use of 
chlorine and chlorine compounds and any shellac is stated to be suitable 
for conversion to needles? Contradictory reports have been recorded. | 
on its stability. Its chief advantage is that it dissolves very rapidly 
in alcohol, due to its fine capillary structure. It contains less than 
2 per cent moisture, 14 
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Another method of bleaching shellac electrically has been described. 
A solution of shellac in a sodium carbonate-sodium hydroxide-sodium 
chloride solution is subjected to an alternating current for eight to sixteen . 
hours.!5 

Hard Lac Resin.—Another specially manufactured form of shellac 
which has appeared in recent years is known as hard lac resin. It is 
sometimes described as pure lac resin. 

Its preparation is based on the fact that the soft resin constituent of 
shellac can be removed by fractional solvent extraction. 

The soft resin is soluble in ether and can be removed by extraction. 
Hard lac resin is insoluble in ether and constitutes about 75-80 per cent 
of the original shellac.19 

A works process for the manufacture of hard lac resin has been 
evolved by the London Shellac Research Bureau." The best results 
were obtained by solvent extraction, and the solvents studied include 
naphtha, benzene, toluene and trichloroethylene. 

Hard lac resin may be obtained also by dissolving shellac in alcohol . 
to which chlorinated or aromatic hydrocarbons are added. Addition 
of water causes the precipitation of the hard resin, leaving wax and soft 
resin in solution. 'Two further methods of preparation are described 
by Venugopalan and Sen. Shellac or seedlac (40 pts.) is dissolved in 
acetone (60 pts.), 7-8 per cent of urea, calculated on the shellac is added, 
and the whole left until gelation occurs. This usually happens within 
four days. The residue from the gel after acetone extraction is poly- 
merised hard lac resin. After depolymerisation with boiling water it 
is dried under vacuum. Alternatively, a solution of shellac is prepared 
in acetone or in an acetone-benzene mixture and stirred at a low tem- 
perature (0°-5° C.) for thirty minutes until gelation occurs. The soft 
resin is separated from the hard resin by squeezing through muslin. 
According to Bhattacharya, hard lac resin can be obtained by means of 
aqueous sodium pyrophosphate. Its use is claimed to be cheaper than 
extraction with organic solvents.?° 

Many claims have been made in favour of hard lac resin against 
ordinary shellacs. Hard lac resin is said to have better water résistance, 
polymerises more readily under heat, has better adhesion, flexibility, 
' gloss, durability, scratch hardness ;: and better compatibility with drying 
oils, alkyds and nitrocellulose ; almost complete elimination of solvent 
retention, superior heat resistance and a higher melting-point. Cold 
hardening of hard lac resin may be accomplished by the addition of urea. 
Some. grades of hard lac resin available on the market need special treat- 
‘ment to obtain a solution in alcohol. Concentration of the lae seems: 
' $o be fairly critical, It is recommended that a 30 per cent solution be 

prepared first and this is then thinned out with further alcohol. At 
concentrations of less than 15 per cent lac precipitation may occur. 

The addition of a few per cent.of white spirit to an alcoholic solution at. 
hard lac resin is said to yield harder films on drying. 
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The age-old “native” refining process cannot produce highly 
spocialised | types of shellac to suit the more specific requirements of modern 
industry. These demands are met by the development of the so-dalled 
“‘ machine-made ” shellacs. 

The processes employed fall into three main headings :— 

(a) Mechanical adaptations of the “dry ” native process ; 

(b) Pressure filtration in the presence of steam ; and, most important 
of all, 

-(c) Solvent extraction. 

Fach of these imparts particular characteristics to its products. 


Composition of Shellac 


Chemical Constitution of Components—A chemical examination of 
lac reveals the following components: extraneous matter comprising 
twigs, wood, bark, mineral dust, sand, pieces of charcoal, insect car- 
cases, etc., lac dye and water soluble material, wax, soft lac resin (ether 
soluble), and hard lac resin (cther insoluble). Karim points out that 
the impermeability of plastic shellac to solvents makes separation of 
the components difficult? 

Other materials present in shellac which are added subsequently 
include orpiment (0-2-0-5 per cent) and rosin. Gardner and others 
have shown shellac to be a blend of constituents. Bhattacharya states 
that lac resin comprises, among other constituents, hydroxy acids, 
and of these two have been isolated. One is a trihydroxy palmitic 
acid (sleuritie acid) and the other is believed to be a dihydroxy hydro- 
aromatic dibasic acid (shellolic acid), Other unidentified unsaturated 
acids are also present.?? 
© According to Parry, shellac contains about 30 per cent of aleuritic 
acid, 10 per cent of shellolic acid, and the remainder consists of colouring. 
matter, eto.?3 

'The chemical constitutions of the components of shellae have been 
investigated by the following workers: Tochirch and Farner, Harries 

_and Nagel, Endemann, Nagel, Ulzer and Defris, Indian Lac. Res. Inst., 
Nagel and Mertens,?^ *5 Bhattacharya,?* Verman,?? and. Gidvani.?! 


Modifications of Shellac 


Modifications of shellac have been made. Shellac ia heated at 180° 
with 3 to 4 per cent of sulphur. The product obtained is greenish in 
colour. It has better adhesion, elasticity, toughness and water re- 
sistance than, the original shellac.2* If sulphur chloride is added to a 
solution. of shellac in carbon tetrachloride its water resistance is reduced .2° 

_ The addition of a fractional percentage of concentrated hydrochloric 
acid to an alcoholic solution of shellac causes appreciable modification. 
in properties. The film obtained dries more slowly, is matt and. has 
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poor adhesion under moist conditions. Corrosion of the container also 
occurs, 20 

Dry zine oxide (10-7 pts.) and dry shellac (10-18 pts.) are heated 
together at 1207-280? C. to yield & compound?! 

A large amount of work has been conducted on the modification of 
shellac with urea or thiourea and it is believed that chemical combination 
occurs. The addition of small percentages of these substances to shellac 
solutions promotes substantial increases in viscosity on ageing. Shellac 
treated with 2 to 3 per cent of these substances shows an. improvement 
im hardness, abrasion resistance, water resistance, elasticity and ad- 
hesion. The results obtained are not so marked with thiourea as with 
urea. The heating of shellac with urea or thiourea improves its heat 
resistance.*? Etherification of shellac can be accomplished by inter- 
action with mono or poly alcohols, of which ethylene glycol is typical. 
The reaction products yield tough flexible resins on heating. 

Gidvani and Bhattacharya have reported the formation of an ether 
from shellac and ethylene glycol in which only one hydroxyl group of 
the glycol is involved. The remaining hydroxyl groups are reacted 
with drying oil fatty acids. Rubbery products are obtained on heating 
the resultant resins at 1207-185? C.34 

Esters can be produced from shellac by interaction of its hydroxyl 
groups with acids. Three of the hydroxyl groups react more readily 
than the other two. Resins which air dry or stove are obtained from 
the esters of high molecular weight unsaturated acids. 1f careful control 
is exercised, esterification of each of the five available hydroxyl groups 
can be accomplished separately. Bhattacharya and Gidvani have 
studied the esters of-shellac, derived from the following acids: acetic, 
caprylic, stearic, lauric, oleic, rosin and linseed oil fatty acids. The . 
progress of esterification is followed by determinations of acid and 
hydroxyl values.35 

When shellac has been etherified with ethylene glycol, esterification 
of the free hydroxyl groups can be brought about by means of un- 
saturated acids. A range of polymerisable resins is obtained. The 
methyl and butyl esters of shellac are used in cellulose lacquers.3* Esters 
have been prepared from shellac and rosin in the presence of castor oil 
: or phenol?" - 

A reaction occurs when shellac, fatty acids and glycerol are reacted 
together in the ‘presence of a catalyst. Monoglycerides are formed 
initially and these react subsequently with the hydroxyl groups of the 
shellac. Under favourable conditions the carboxyl group of shellac 
reacts with monoglycerides.28 Shellac in its various forms has been 
hydrogenated at ordinary temperatures using Raney nickel as catalyst.3? 

. Valuable products are claimed from the interaction of maleic acid 
and an alcoholic solution of shellac if refluxed.19 

One molecule of shellac is found. to absorb six molecules of sulphur 
dioxide. 'The sulphited products are said to be commercially useful Si ` 


125 . 


Varnish Constituents 


Shellac Substitutes 


From time to time shellac substitutes | have appeared, but generally 
they do not possess the characteristic properties which one associates 
with shellac. Some substitutes are on a phenol formaldehyde basis, 
Schreiber and Noack claim that a shellac substitute is derived from 
linseed oil fatty acids and soft Manila resin acids. The acids are 
blended, oxidised by means of potassium permanganate and heated at 
150° C. to yield an alcohol soluble resin of melting-point 90? C.4? 
Harries and Nagel have recorded experiments on the synthesis of shellac.* 
A shellac substitute is claimed by adding sodium carbonate in quantity 
just less than that necessary to neutralise the free acidity of Pontianac 
gum, dissolved in a solvent comprising equal parts of alcohol and toluene. 
A similar method is described whereby an alkali or alkaline earth com- 
pound with basic properties is added to a solution of Pontianac or soft 
Manila in a mixed solvent of ethyl alcohol and toluene. To 250 parts 
of resin, less than eight parts of alkaline compound are added.** Another 
shellac substitute is claimed in a fused blend of equal parts of rosin and 
aecroides.* 

Pine needle resin, indigenous to Brazil is suggested as a partial shellac 
substitute. It may be used in equal amounts with genuine shellac. It 
is almost completely soluble in hot alcohol, only 1-7 per cent remaining 
insoluble, and has a m.pt. of 105°C.; A.V. 22; 8.V. 156-5; and 
LV. 27,8 Zein is possibly one of the best shellac substitutes and is 
considered in a section devoted to it on page 141. 


Analysis and Testing 


The analysis and testing of shellac is important. From the varnish 
makers’ point of view the following tests are necessary :— 

Colour—Colour of shellac should be determined by dissolving the 
shellac in industrial aleohol and comparing the colour of the solution 
obtained with that of a standard sample prepared similarly, or by 
filtering the solution to remove suspended matter. The clear. filtrate 
obtained may be compared with a range of colour standards consisting 
of solutions of iodine in potassium iodide, Zoellner suggests that colours 
of shellac solutions can be matched against solutions of caramel | con- 
taining precipitated chalk in suspension.** 

“Rosin, Qualitative and. Quantitative Analysis.—Since adulteration of 
shellac with rosin is always a possibility in view of the marked difference 
in price of these resins, the detection and estimation of rosin is important. 
Rosin in shellac may be determined qualitatively by application of the 
Halphen-Hicks test, although the test is unreliable for bleached shellacs.4? 
The Liebermann-Storch test also gives satisfactory results for rosin in 
shellacs. Another method for the detection of rosin is by means of 
copper acetate. Parry describes the method whereby 1 gram of shellac 
is dissolved in 25 c.c. alcohol. The resin is obtained in a finely divided 
form by pouring the alcoholic solution into a large quantity of water 
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which causes precipitation. 'Phe precipitate is dried and shaken with 
petroleum ether to extract the rosin. A 1 per cent aqueous solution of 
copper acetate is shaken with the petroleum ether extract. The presence 
of rosin is indicated by the development of a green colour in the petroleum 
extract.48 

Rosin may be estimated quantitatively by two methods: solvent 
extraction and iodine value determination. Both methods are open to 
criticism and the results obtained should be used with caution. Shellac 
in its original condition or even in the form of a fine powder is re- 
latively impervious to the action of solvents and the rosin is not easily 
extracted. Further, there are always complications due to the fact 
that the solvent used to extract the rosin tends to dissolve out the shellac 
wax and other substances. The shellac is obtained in a favourable con- 
dition for extraction by dissolving it in aqueous sodium carbonate solu- 
tion and removing the insoluble wax by filtration. The filtrate is acidified 
and the shellac precipitated i in a finely divided condition for subsequent 
extraction. 

The following extraction method is due to Mellhiney 99 :---- 

Two grams shellac are dissolved in 20 c.c. absolute alcohol by warming. 
After cooling, 200 c.c. of petroleum ether are added and the mixture 
vigorously shaken. 100 c.c. of water are added and the mixture again 
shaken. The mixture is filtered through 120 mesh wire gauze into a 
separating funnel. The petroleum extract. is separated and washed 
once with 20 c.c. dilute aleohol (1 part alcohol, 5 parts water). The clear 
filtrate of the petroleum extract contains wax and rosin. 

The rosin is removed by extraction with 25 c.c. N/5 alcoholic caustic 
soda. The lower layer is run into an evaporating basin. 

A blank is prepared by titrating 25 c.c. N/5 alcoholic caustic soda 
with N/10 hydrochloric acid. The mixed solution is evaporated to con- 
stant weight. The alcoholic caustic soda solution containing rosin is 
titrated similarly with hydrochloric acid using phenol phthalein as 
indicator. The amount necessary for neutrality is noted and the amount 
of acid added is increased up to that used to neutralise 25 o.c. aleoholic 
caustic soda. The mixture is evaporated to constant weight as before 
and the difference between this weight and the blank weight gives the 
weight of rosin acids extracted. From the titrations and the weight 
of rosin extracted it is possible to deduce the acid value of the rosin 
acids. Since, according to McIhiney, about 2 per cent of soluble acidic : 
material is extracted from pure shellac and that extraction of rosin is. 
completed only to the exteut of 83 per cent, the figure obtained for the: 
percentage of rosin present must be adjusted. 

100/83 (per cent rosin acids — 2) = adjusted percentage of rosin. 
When very small percentages only of rosin are present, ie. of the order 
of 2 per.cent, the method has not sufficient accuracy. . 

The petroleum extract separated in the above method, as already 
' indicated, contains shellac wax, together with a small percentage of soluble, 


127 


Varnish Constituents 


matter from the rosin. ‘This is evaporated to constant weight to give the 
amount of wax present. A correction by deduction based on 10 per cent 
of the rosin present should be made for the other soluble matter present. 

Rosin may be estimated also by an iodine absorption determination. - 
The method is based on standards for the iodine absorptions of shellac 
and rosin and this may cause unsatisfactory results. Further, in de- 
ciding upon standards for shellac and rosin on which to base calculations, 
it is essential that the standards chosen are derived by the same method 
as that used for the actual iodine absorption determination of the shellac. 
To illustrate this, the iodine values for rosin and shellac based on the 
Wijs-Langmuir method are 228 and 18 respectively,®° or for the Hubl 
method, 125 and 10 respectively. The presence of orpiment in shellac 
causes abnormally high iodine values. Parry and Ferguson confirm 
this both for Hubl or Wijs methods and state that high iodine values 
may lead to the erroneous conclusion of the presence of rosin.5t 

Solubility Solubility of shellac is a property which must be checked 
carefully since ageing procluces insolnbility. The precise duration of 
exposure of shellac to produce insolubility is still somewhat controversial. 
One authoritative Indian source states that shellac becomes insoluble in 
cold alcohol after two years’ storage under Indian conditions,® whilst 
an equally authoritative source states that in well-ventilated warchouses 
at low temperatures and humidity, seedlac shows no deterioration in 
two years, and shellac keeps in good condition even longer than seedlac.®4 
The answer to this apparent contradiction lies in the severity of the 
storage conditions. It is the author’s experience that a few months’ 
storage of shellac under natural Indian conditions produces changes in 
the material such that it becomes extremely difficult, if not impossible, 
to incorporate it into hot vegetable oil or monoglycerides. In normal 
times, the distributors of shellac in India store it under conditions of 
cold storage, and even take the precautions of shipping it under similar 
conditions. 

The percentage of shellac insoluble in cold 95 per eent alcohol after 
one hour’s mechanical agitation is a good indication of the quality of 
the shellac., Refluxing will cause old shellac to dissolve into solution. . 
Total impurities in shellac (dirt, ete.) may be regarded as the percentage 
material insoluble in. boiling alcohol. 

Old shellac is also difficult to filer as an aleoholie solution,9" and 
shows a reduced fluidity on heating and unusual thermosetting char- 
acteristics. 

Shellac has always commanded. a comparatively good price for a raw 

material and it is not surprising that research has beeu performed on 

its regeneration after deterioration. Precise details of a method of 

regeneration have been given in a publication of the London. Shellac 

Research Bureau,®* but in general, the procoss consists in heating the 

blocked or deteriorated shellac with sodium carbonate (4:5 to 5 per cent) 

or hydroxide (10-15 per cent), using just sufficient water to give a fluid 
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mass. Temperatures of 105? -- 5? C. are suggested, and the duration 
of the treatment depends upon the degree of deterioration. of the shellac. 
Acidification with dilute mineral acid sets free the shellac. 

In cases of slight deterioration, submersion in. water will often re- 
generate solubility in alcohol. 

Orpiment. Qualitative and Quantitative Analysis. i orpiment is 
present in shellac this may be detected qualitatively by dissolving the 
shellac in alcohol and allowing the solution to settle. The orpiment 
will settle out as a yellow precipitate. Alternatively, arscnic may be 
detected by the usual chemical means, 

The arsenic in shellac may be determined quantitatively by : a method 
due to Langmuir and White. The organic matter in shellac is de- 
composed by boiling 2 g. with 15 g. of potassium sulphate and 60 c.c. 
of concentrated sulphuric acid. Arsenic sulphide is precipitated by 
passing hydrogen sulphide through a dilute acid solution. The precipitate - 
is removed, dissolved in ammonium carbonate and reprecipitated by re- 
acidifying. Finally, it is dried and weighed. 

Water Estimation-—The determination of water in shellac, especially 
in bleached shellac, which is liable to contain large amounts, is very 
important, although the best procedure to adopt constitutes a difficult 
problem. Shellac contains both free and combined moisture, and the 
difficulty is to devise a method which will give accurate results for either 
type of moisture. Temperatures in excess of 100° C. tend to drive off 
combined moisture, whilst free water is held so tenaciously that low 
temperatures may fail to dislodge it.64 Conditions for moisture deter- 
mination may vary from drying at ordinary temperatures by means of 
some dehydrating agent to drying at temperatures as high as 120? C. 
Probably the most satisfactory method for routine testing. of Bleached. 
shellacs is to dry them in powdered form at 40? C. for a specified" time, 
for example, for four to six hours, and to:compare the result with some 
fixed standard obtained under the same conditions. , 

Assessment of Bleachability of Shellae—Although the bleaching 
properties of a shellac are not the immediate concern of the varnish 
maker, a few notes on the subject may provide him with knowledge 
, useful in assessing the value of a given bleached shellac. The- bleach- 
ability of shellac may be obtained by determining the quantity of hypo-. 
‘chlorite solution necessary to yield a certain standard of colour. A 
large shellac manufacturing concern has. suggested an alternative method 
' which is claimed to be more satisfactory in practice. 5 The tire re- 
quired to absorb a given amount of hypochlorite is taken as a guide t to: 
the amount of hypochlorite necessary. The shellac for test should be 
ground to 10 mesh gauge; very fine or very large particles must be 
‘avoided. 380 g. shellac or seedlae are dissolved at 65? C. in sixty minutes 
. in 150 c.c. of a 2 per cent. sodium. carbonate solution.’ The solution is 
filtered through a.100 mesh sieve, the insoluble material washed with. 
water and the washings added to the filtrate. The insoluble material 
can n be dried, if desired, tio constant weight. | 
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The filtrate is maintained at 40? C. in a, water bath, with constant 
stirring, during the addition of the hypochlorite solution. Fifty c.c. of 
sodium hypochlorite solution (3 per cent. available chlorine) are added, 
and the time noted for complete absorption as detected by starch iodide 
paper. The volume of subsequent additions is controlled by the time 
occupied by the first absorption, The following data is given :— 


Time of Less than Mare than 
absorption. 30 mins. 30-60 mins. 60-90 mina, 90 mins, 
Next addition’ 20 c.c. | 10 coc. 5 c.c. Nil. 


The time for absorption is again noted and further additions are made 
on the same basis. The bleached shellac is precipitated from the cold 
alkaline solution by means of a slight excess of acid (10 per cent sulphuric 
acid). The precipitated lac is washed free from acid, dried at 40? C., 
and can be dissolved to yield a 10 per cent solution in alcohol from which 
colour can be assessed. | 

Langmuir 59 has recorded that the presence of rosin in shellac increases 
the quantity of hypochlorite required for bleaching and yields products 
of inferior colour, The presence of orpiment in shellac during bleaching 
also necessitates the addition of extra hypochlorite, and Aldis has 
suggested that the shellac used should be free of this adulterant.5" 

Detection.—Shellac can be detected readily in lacquers or varnishes 
by the characteristic smell it provides when films containing it are gently 
warmed. Bhattacharya and Verman have suggested its ready dis- 
persability in sulphurous acid as a means of distinguishing it from other 
resins.5° According to Thakur and Aldis a shellac having a refractive | 
index outside the range 1-516 to 1-519 at 23° C. + 3° must be regarded 
as abnormal. Curing of shellac for three hours at 105°-110° C. causes 
no alteration in refractive index.5? A method for the quantitative 
separation of shellac acids has been worked out by Schaeffer and Gardner." 


Properties 


| Physical Constants Shellac has the following constants: melting- 
point 75?-85" C.; specific gravity 1:15-1:20; iodine value 13-17 (Wijs) ; 
and acid value 60—70.9* 
Solubility—tIta ready solubility in alcohol and its hardness, tough- 
ness and adhesion makes it.a valuable component in quick-drying lacquers 
for many purposes. Shellac dissolves not only in a wide range of alcohols 
but also in ethyl ethers of ethylene and diethylene glycols, diethylene 
glycol, acetic, formic, propionic, butyric and lactic acids, -diacetone 
alcohol, acetaldehyde, aniline and pyridine. 
Shellac is insoluble or only partly soluble in most esters, or ketones, 
and insoluble in glycols, glycerols, aromatic and aliphatic hydrocarbons, 
carbon disulphide, turpentine and chlorinated hydrocarbons, Shellac 
is soluble in aqueous alkaline solutions comprising sodium borate, sodium 
carbonate, sodium hydroxide, mono and triethanolamine, potassium 
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hydroxide and ammonia. Aqueous solutions of shellac can be prepared 
in sodium carbonate or borate solutions or in ammonia, containing 15 
per cent of shellac. Although initially the solutions may be viscous, 
there is a tendency to lose viscosity on ageing."? The alkalies react with 
the acids in shellac to form sodium, potassium or ammonium salts, 

When wax is present in shellac this remains undissolved both in 
alcoholic and aqueous alkaline solutions. . 

Plasticisers —The following plasticisers have been suggested for 
use with shellac to improve flexibility; tricresyl phosphate,. triphenyl 
phosphate, tributyl phosphate, tritolyl phosphate, sextol phthalate, 
heavy pine oil, lac wax, diethyl and cyclohexyl phthalates, elemi, Venice 
turpentine, and castor oil. Verman and Bhattacharya recommend 

sextol phthalate as a very good plasticiser for shellac.9 Another useful 
' plasticiser is a derivative of shellac itseli—depolymerised shellac. . The 
material used as a plasticiser is made by heating one part of lac and an 
, equal amount of a 1 per eent soda ash solution in an autoclave at 200? C. 

for about an hour. Further information on the depolymerisation of 

shellac is given under Solubility on page 128, and later under Depoly- 
' merisation on page 132, 

"The effect of plasticisation has heen studied by the same workers who 
have recorded these conditions. The addition of plasticisers to films on 
copper increases adhesion and flexibility but reduces scratch hardness. 
If the films are stoved scratch hardness increases. Wilms on tin behave 
differently in that plasticisation hardly affects scratch hardness, An 
increase in hardness of, films whether stoved or air dried is observed 
when the plasticiser is increased from 5 to 10 per cent. When lac wax 
is nsed as a plasticiser, its addition improves flexibility and. scratch: 
hardness. Verman makes the interesting suggestion that the miodulus 
of . elasticity calculated from velocity of sound measurements would 
_ assist in the elucidation of plasticisation problems. 

For many purposes, shellac is used as an aqueous solution, and the 
' problem of plasticising the resultant films needs special consideration. 
Gidvani has recorded his conclusions on this subject, based on am- 
moniacal aqueous lac solutions, and they may be summarised briefly 
‘ asfollows. The best plasticisers are Reomol G, stated to be ahigh boiling | 

ether type phenolic plasticiser, and dimethyl glycol phthalate. The. 
next best are Reomol P, a high boiling phthalic acid ester, and Reomol 

which is an alkyl glycol phosphate.. Plassitil and diethylene glycol are. 
good where water resistance of the ultimate film is not of primary im: 
portance, but glycerine, ethylene glycol, Turkey red oil and. triethanol- ; 
. amine are unsatisfactory. 

‘Deterioration on Sterage——-Shellac should be ‘stored under ‘cool con-' 
ditions. As indicated already long storage induces polymerisation and. 
insolubility. "This subject has been dealt with in detail in. the section.. 








. T'hermosetting, Properties. When shellae is heated it melts, but andar 
‘prolonged heating thermosetting . occurs, . Thermosetting. or: ouring E 
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believed to be due to lactone or anhydride formation.*4 The thermo- 
setting process can be ‘accelerated by the addition of zine chloride, 
aluminium chloride, oxalic acid, hexamine or urea, especially at lower 
temperatures. 

Thermosetting is retarded by alkalies and solvents, or if the escape 
of water is prevented. Ammonia is an alkali, however, which has an 
accelerating effect. Ranganathan and Aldis have suggested a simple 
method for the determination of curing time. Molten shellac is heated 
at a fixed temperature until a glass rod when twisted in the mass, twists 
in the opposite direction when released. The time taken to assume 

this condition is noted. Figures given show that shellac requires 227 
minutes to cure at 120°C. and only 6-5 minutes at 200? C. 

Denolymerisation of Shellac—Polymerised shellac can be depoly- 
merised by heating with water in an autoclave at 5-20 kg. per sq. om. 
pressure for 10-120 minutes. Iodine and acid values increase on de- 
polymerisation whilst the part insoluble in aleohol decreases from 60-6 
to 0-5 per cent.“ Two parts of polymerised shellac are soluble in three 
parts of phenol. Aliphatic acids such as oleic acid are also suggested 
as solvents, °° 

The addition of 5 per cent of strong acid to a solvent provides a 
mixture capable of dissolving polymerised shellac.®’ 

Darkening of Shellac Solutions on Storage —Shellac under certain con- 
ditions tends to darken on storage, due to interaction with the metal 
of the containers. This aspect has been studied by Bhattacharya and 
Verman, and Gardner and. Levy.98 

The latter investigators demonstrated that the worst darkening 
occurred with tin, with iron next, and with zinc having the least effect. 

. The presence of oxalic acid inhibits this discoloration, and earthen- 

ware or glass jars are frequently used, instead of metal ones. Some- 

times when lacquers formulated on bleached shellacs are applied to 

oak, darkening may occur. This is attributed by Anderson to the 

interaction between iron in the shellac and tannin in the wood. Oxalic 

acid is claimed to prevent this also.°° Temperature is another con- 

tributory cause for the darkening of bleached shellac and the most 
critical range is recorded as 100°-110° F.46 

Variation of Drying Time with Age-~The drying time of bleached 
shellac solutions changes on ageing and this phenomenon has been 
studied by Zoellner. The drying time is increased more if exposed to 
diffused light than if stored in darkness. The presence of iron aids in 
the temporary maintenance of drying propertics. Zoellner has devised 
a method of testing whereby it is possible to predict the drying time of 

. bleached shellac solutions. The reagent used’ is a solution of thymol 
blue in aqueous potassium hydroxide. A few drops of shellac solution 
are added to this reagent and distinctive colours or precipitates are- 
produced. If the precipitate is yellow this corresponds with a drying | 
time of one hour; an ivory precipitate in a chrome yellow solution 
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corresponds with a drying time of two to three hours; & flesh-coloured ` 
precipitate in an orange-red solution corresponds with a time of eighteen 
hours.?9 

Change of Acidity of Bleached Shellacs on Ageng.—Solutions of 
bleached shellac tend to lose their acidity on ageing. The important 
factor appears to be time of storage, although light exerts some influence. 
Some free acid may be involved in reaction with the metal of the con- 
tainer but reduction of acidity occurs even in the absence of metal." 

Deterioration of Bleached Shellac——Because of the comparatively 
rapid deterioration of bleached shellae it is used as soon as possible after 
manufacture. It may be stored under water to prevent deterioration 
and maintain solubility. 

It has been established that the method of manufacture of bleached 
shellac controls to a substantial degree its keeping properties. Watson 
and Mulany have given a process whereby shellac is. derived which is 
said to be stable for long periods of time without loss of alcohol solubility. | 
A minimum amount of hypochlorite is used, e.g. one part of bleaching 
powder to every 6:5 parts of shellac. After precipitation of the bleached 
product from the alkaline solution by acidification, the excess chlorine 
is removed from the shellac by shaking with one part of 10 per cent 
sodium thiosulphate. The product is washed free of soluble matter 
and dried at ordinary temperatures.” Murty, also, has made a com- 
prehensive study of the factors during manufacture which influence the 
stability of the bleached shellac. His conclusions are not always in 
agreement with those of other workers, for he states that free chlorine 
has no effect on the keeping properties. The factors enumerated as 
follows are said to diminish stability on ageing: too little sodium car-. 
bonate in the initial shellac solution, treatment of the lac with mineral ` 
acids, before dissolving in alkaline solution, rapid addition of hypochlorite, 
and, absolute neutralisation to produce precipitation. Precipitation of 
sheliac by means of an organic acid like acetic acid is preferable to the 
use of strong mineral acids.?? 

Solvent Relention.—Shellac films show pronounced Solvent retention 
properties. Lubke has reported that alcohol is present in a film of . 
0-1 mm. thickness, after.a year. Nagel and Baumann have confirmed ` 
this tendency to alcohol retention.” 

Water Resistance-—The water resistance of shellac is not of a high 
order and many attempts have been made to eliminate this defect. The ` 
poor. water resistance of shellac is attributed to the presence’ of, soft lac”. 
resin or. the ether soluble part of the resin, Its removal resulting in the 
production of hard lac resin provides a resin with improved water re- 
sistance. The absorption of water by a shellac film causes the film to 
whiten or bloom. Gardner and Kappenberg have studied the water 
absorption | of shellac films with, the following results. When a shellac’ ~ 
film’ is exposed to a moist atmosphere it absorbs moisture: rapidly ΓΝ 
first, but then: slowly. Joses; weight, until equilibrium. is attained, - ;The . 
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reduction in absorption is believed to be due to swelling of the film."5 
Indiseriminate addition of plastieiser to shellac does not necessarily 
improve its water resistance. In fact, according to Rangaswami and 
Aldis the reverse may be the case. The addition of tricresyl phosphate 
causes an increase in the water absorption.77> Blooming of shellac 
films is prevented if they are stoved at 60°-140° C. for one to two hours.”” 

The mechanical strength of shellac is altcred substantially according 
to the conditions prevailing at the time of its assessment. Absorption 
of moisture from the air softens the shellac by acting as a plasticiser. 


Incorporation of Shellac in Drying Oils 


Although shellac is used primarily in spirit varnishes, much attention 
has been devoted to its incorporation in drying oils. In India the 
utilisation of shellac in oleo-resinous varnishes has reached an advanced 
stage and large amounts of these varnishes are produced regularly and 
successfully. Considerable difficulty is likely to be encountered when 
attempts are made to dissolve shellac directly into drying oils. Tem- 
peratures of the order of 380° C. are said to be necessary for the dis- 
solution of shellac in linseed oil, according to Hadert, but the mix must 
be cooled rapidly to avoid gelling. Large-scale practice has shown, 
however, that successful results can be obtained at much lower tem- 
peratures, and temperatures in the range 250°-280° C. are commonly 
used. Many solubilising agents have been suggested to facilitate solution 
at these and lower temperatures ; they include rosin, rosin ester, tritolyl 
and triphenyl phosphates ; oxides and carbonates of barium and mag- 
nesium and carbonates of sodium and potassium ;'`stearie acid, litharge, : 
and triacetin.?7® Pre-esterification of shellac with monoglycerides 
produces oil solubility."? A similar process can be used for solubilising 
accroides. 

Fielder records the manufacture of varnishes by dissolving shellac 
in linseed oil monoglycerides. Fresh shellac dissolves readily in mono- 
glycerides at 270°-280° C., if it is added gradually with constant stirring, 
Alternatively, the shellac may be heated with a mixture of glycerol 
and high molecular weight unsaturated fatty acids. Fielder’ believes 
that the reactions involved include etherification, esterification and 
polymerisation.®° 

. In the experience of the author litharge is one of the best and most 
‘convenient of the solubilising agents suggested., The method of in- 
: corporation is to dissolve the litharge, previously ground finely in a little 
of the drying oil, in the drying oil at 240? C. with constent stirring. The 
temperature of the leaded oil is then maintained at 220°-240° C. and 
- the shellac, broken small, is added in small quantities at a time with 
constant stirring, Overheating is avoided and as soon as the shellac. 
has dissolved the mixture is cooled and thinned. In a varnish.of this 
type it is an advantage, although not absolutely essential, to use thinners 
with strong solvent power. Thus a mixture of white spirit and napbtha. 
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may be used, and it is sometimes convenient to include a percentage of 
butyl alcohol also. Other drying soaps, especially those of manganese, 
greatly facilitate the dissolution of shellac in vegetable oils. Shellac- 
drying oil compositions show a tendency to instability on storage. Aldis 
has incorporated castor oil with shellac-at 270° C. If glycol is present 
the temperature of incorporation may be reduced.? By adding a 
shellac which has become insoluble in alcohol to 14 parts of rosin at 270° C. 
a product is obtained which is soluble both in drying oils and aromatic 
hydrocarbons. 5 ‘Bhattacharya has discussed the subject of oil solu- 
bility of shellac fully in a recent paper. Shellac dissolves more easily 


in boiled oil if it is previously treated by boiling with red lead dispersed 
in water.9?0 


Uses 


Shellac is a raw material with valuable properties which meet the 
requirements of many industries. A comprehensive list of its uses would 
include the manufacture of french and white polishes, foil lacquers, 
lacquers for wood and metal, media for white road paints and anti- 
fouling paints, hat stiffening lacquers, cellulose lacquers, good quality 
sealing waxes, gramophone records, water varnishes for leather and 
paper, varnishes for rubber, media for mirror backing paints, adhesives 
and cements for wood, paper and metal; lacquers for cans, painting 
compounds for oil tanks, gaskets, ete.; scaling primers, seaming solu- 
tions for cans, glazing of confectionery, lacquers for playing cards, and 
lacquers for shells, fuses and detonators to many government 
specifications. . zm 

One of the most important consumers of shellac is the ‘electrical 
industry. Shellac has good insulating properties, and is not susceptible to 
‘tracking. Pure shellacs only should be used in insulating compositions 
and they should be free of orpiment and rosin.’ Shellacs are used in 
the production of moulded electrical components; in micanite from 
mica dust, for wire enamels, for laminated paper tubes, and for im- 
pregnating and finishing varnishes for coils, cotton and paper. 

"The soft lac resin produced in the manufacture of hard lao resin can 
be used in varnishes, This is rendered possible by condensing it with 
aniline and formaldehyde, phenol and formaldehyde, or with acetone and 
phosphoric acid.* . 

A method of hot spraying of shellac has been devised. 
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SANDARAO 


Sandarac is an exudation of coniferae which occur in North and 
South Africa and Australia. The tree yielding sandarac is found also 
in North America, Other sources of the resin are Tasmania and the 
West Indies. North African sandarac is called Mogador sandarac. 
Sandarac is also known as pine resin or gum juniper. The exudation 
of the resin may be hastened by incision. The resin appears on the market 
in the form of drops or tears which have a pale yellow colour. Jt may 
be contaminated with dust and dirt but the resin commands a high 
price and normally it is almost free of dirt. 

According to Balzer the resin is composed almost. entirely of a 
mixture of two carboxylio acids, namely sandaracolio and callitrolic © 
acids.t Sandarac has an acid value of 140 approximately. . 

Sandarac should be examined for initial colour, colour in solution, 

_ clarity of solution, viscosity of solution, and percentage of insoluble | 
matter. 

_ Sandarac is a harder. resin than mastic and powders fairly . easily. js 
It has a characteristic smell and a melting-point of 150° C. . It yields . 
brittle films and like other spirit, soluble resins, such ΑΒ | Manila, : it needs i 
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plasticising. Barry and Dunster suggest camphor, Venice turpentine, 
and elemi as suitable plasticisers.* 

It is soluble in aleohols, turpentine, ether, and acetone, and partly 
soluble in chloroform, earbon disulphide, white spirit and petroleum 
ether. It is insoluble in benzol and esters. 

Tts uses include the manufacture of paper varnishes used for labels, 
maps, ete.; varnishes for bookbinders, lacquers for leather and metal, 
blackboard " varnishes and negative varnishes. 


Mastic 


Mastic comes from Greece, the Grecian Islands especially Chios, 
North Africa and Central Asia, It is an exudation caused by incision 
and is available in the form of pale yellow tears. 

Tt is a softer resin than sandarac, having a melting-point of 105? C. 
approximately. It hag a tendency to brittleness. Its acid value is about 
50-55. Mastic is said to be more durable than damar. 

Mastic is soluble in turpentine, chloroform, acetone, alcohols, carbon 
disulphide, esters -and aromatic hydrocarbons. The solubility in 
petroleum hydrocarbons varies with the type of resin. The solubility 
js given in literature a8 soluble, partly soluble. or insoluble in petroleum 
hydrocarbons. 

Mastic is the basic constituent of varnishes for pictures, maps and 
of artists’ paint media. 

Blends of mastic may be made with damar or sandar ac. 


ACOROIDES 


Gum aceroides is known by many different names, including acaroid 

resin, grass tree gum, yacca gum, black boy gum, and xanthorrhoea resin. 

. , Two varieties of the resin are known; yellow and the rod variety. 
The: yellow variety is sometimes described as Botany Bay gum, and the 
red a8 red gum accroicdes. 

The resin is obtained from Xanthorrhoca Australis, X. hastilis, X. 
arborea, X. quadrangularis, X. Drummondii, und X. Preisii. The places 
of origin. include Australia, New South Wales, Tasmania and Kangaroo 
Island. 

‘The resin is obtained as an exudation, Semi-fossilised resin is also 
found sometimes. 

Accroides as it reaches the consumer is usually in a very dirty con- 

' dition. It contains dirt and substantial quantities of wood, bark, etc. 

This may constitute as much as 10 per cent of tho botal weight of the 

resin. 

‘The red resin consists chiefly of the erythroresinotannol ester of para- 
‘coumaric acid, Small amounts of paracoumaric acid and paraoxybenzal- 
‘dehyde are also present. Yellow accroides consists chiefly of the xantho- 
. Teginotannol’ ester of paracoumarie acid. Free paracoumario and 
. cinnamioe acids are present also.4 
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Apart from the difference in colour the presence of cinnamic acid 
distinguishes the yellow resin from the red. 

. Both resins are examined for percentage soluble in alcohol. It is 
very difficult to cleanse the solutions of extraneous matter, and the 
only really satisfactory way is to remove the large insoluble matter by 
rough straining aud to pass the remainder through a centrifuge. This 
will not remove the very fine dirt, but the condition of the solution may 
be such as to permit its use for certain purposes. If more bit-free 
solutions are desired it is best to allow the solutions to stand and settle. 
The clear supernatant liquor is then removed. Attempts to filter press 
these solutions often result in rapid clogging of the papers. 

Yellow accroides has a melting-point of 97° C. compared with 110° C. 
for the red resin. 

The resins are soluble in alcohol, but insoluble in: aliphatic and 
aromatic hydrocarbons. The resins are only partly soluble both in 
chloroform and ether, Like shellac the resins are soluble in alkali, 
They are not very resistant to water and darken on stoving. They 
have poor durability. 

Accroides. resins are used in yellow and red spirit stains, in which the 
natural colours of the resins are exploited. The red resin especially 
may form the basis of cheap black air-drying lacquers involving the use 
of black pigment or dye. Their insolubility in hydrocarbons suggests 
their incorporation. in petrol-resisting lacquers. They may be used . 
instead of rosin for sizing paper and for sealing wax. | They are sometimes 
used in cheap metal lacquers. 


BENZOIN 


Benzoin, which has been deseribed as a resin; gum τ or. ‘balsam, ‘is nob . 
‘of very great importance to the spirit varnish manufacturer. | Several 
different types of benzoi are available. Siam benzoin obtained from 
styrax benzoin of Siam is generally regarded as tbe best type. Other 
types are Palembang, Padang, Sumatra, and Penang benzoins. Sumatra | 
benzoin, like Siam benzoin is obtained from styrax benzoin in Sumatra. 
Penang benzoin is believed to be obtained from. styrax subdenticulata, 
of Farther India. The origins of Palembang benzoin and Padang benzoin 
are uncertain. 

Palembang benzoin is the next grade to Siam, with Sumatra as the 
inferior of these two. The constituents of benzoins have been: given 
by Lüdy. Benzoin is an exudation obtained on incision, It is a soft 
resin, melting below 100°C. Siam benzoin may be obtained: in the 
form. of very pale tears or as a mixture of white and. yellow resinous . 
matter. Sumatra benzoin is a darker mixture consisting of pale and 
reddish-grey matter. 

Benzoin resins are soluble in alcohol, but only partly soluble i in hydro- 
_ carbons. They have a distinct “‘ vanilla” smell. . u 

- Benzoin resins normally contain substantial amounts of dirt. and. the: : 
precise amount present should be determinedin each consignment. before use. 
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Varnish Constituents 
Benzoin is used in spirit varnishes to give the resulting films a pleasant 
aroma and it also acts as a glossy softening agent. 


ELEMI 


Elemi is obtained from Icica Icicariba, Amyris Plumieri and Canarium 
commune. The resin is collected in the Philippines (Manila), West and 
East Indies, South America, Central America and Africa. The elemi 
from the Philippines is known as Manila elemi; from America as Rio, 
Mexican, Vera Cruz or Brazilian Abmessega ther; from the East indies 
as East Indian elemi, and from Africa as Luban Matti elemi. 

Elemi resins may bo subdivided further into two grades, soft and 
hard. Bulungu resin from the Belgian Congo is stated by Stock to be 
similar to elemi. Because of the fact that it chars on heating and by 
reason of its insolubility in linseed oil it is not a satisfactory varnish 
resin.® 

According to Dieterich, fresh elemi is a solution of resins in an ethereal 
oil. Part of the resins may be in crystaline form. The crystalline 
deposition explains the turbidity of the resin. Phellandrene and di- 
pentene are obtained by distilling elerni.’ 

Lieb and Mladenovic have examined the constitution of Manila 
. elemi.? 

The colour of elemi varies, depending on its source, from white, 
through golden-yellow to greyish-black. The white grades are Manila 
and Yucatan elemi. 

The smell of elemi is characteristic and is said by some to be of a 
terpenie nature. Others have stated that it is reminiscent of lemons. 

Tis acidity varies from 1:2 to 39-4, depending upon the source of the - 
resin. 

Elemi is soluble in alcohols, ether, benzol, acetone, turpentine, 
petroleum hydrocarbons, chloroform and carbon disulphide. Solubility 
n petroleum hydrocarbons 18 apt to ‘oe variable. 

Elemi deteriorates on exposure. 

Its most important uses are as a plasticiser for spirit varnishes and 
as a plasticising resin for nitrocellulose lacquers or enamels, particularly 
of the brushing type. 
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Gum Tuus 


| Qum thus is the oleoresin which exudes from the rosin-produeing 
. trees and which adheres to the tree and hardens. Gum thus is sometimes’ 
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known as *' serapo? ' and ib contains less volatile matter (turpentine) 
than, the original oleoresin. 

Gum thus is not used to any appreciable extent in the manufacture 
of modern varnishes. Its chief uso is in spirit varnishes where it performs 
the function of a plasticiser. 


Voeuick TURPENTINE 


Source.—Venice turpentine is an exudation of the larch tree (Pinus 
larix, Larix decidua). The sources of Venice turpentine are the Tyrol 
and. Piedmont although larch forests occur also in Poland. 

Production.—The oleoresin is not obtained by incision but by drilling 
into the heart wood. It is a clear pale greenish-yellow viscous liquid. 

Composition.—According to Morrell it consists of resin acids (60-64 
per cent), essential oils (20-22 per cent), resenes (14-15 per cent) and 
other constituents (2-4 per cent)! Dieterich gives the constituents as 
caffeic acid, ferulaic acid ?, abietic acid, formic acid, vanillin, ethereal 
oil, bitter principle and water? Schmied gives the composition as lari- 
cinolig and larinolie acids and laricoresene.? 


Properties 

The acid value of Venice turpentine varies from 65 to 100. Schmied 
gives 70 as an average figure. It is soluble in petroleum and aromatic 
hydrocarbons, alcohols, ether, acetone, chloroform and turpentine. By 
steam distillation a turpentine can be obtained from Venice turpentine 
which resinifies on exposure to air. 

Artificial Venice turpentines have been made and consist chiefly of 
mixtures of rosin, rosin oil and turpentine.* 


Uses 


The chief function of Venice’ turpentine is as a plasticiser in spirit 
and other varnishes. Venice turpentine is also used in the manufacture 
of sizes for fabrics, in sealing wax, in cements, and in artists’ colours, . 
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ZEIN 


` Zein is included among the natural spirit varnish resins, not because 
of its resinous characteristics, but because of its solubility in industrial 
alcohol and the fact that it. can substitute the well- known spirit soluble 
“resins in certain formulations. 
Chemically it is a protem, extracted from maize, or z the giten, thereof, 
by means of isopropyl alcohol. 4 
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Varnish Constituents 
' — Its films have properties. intermediate between those of shellac and 
cascin. It is less water-resistant than shellac—it is, in fact, soluble in 
alcohol-water mixtures—but more water-resistant than casein. 

In combination with rosin in alcohol, oil resistant lacquers are: ob- 
tained. In Canada and the U.S.A. large amounts have been used in 
protective lacquers for paper, and these products are still in the process 
of successful development. 

Zein is soluble in ethyl alcohol, benzyl alcohol, diacetone alcohol, 
cellosolve, and glycols. 

A typical lacquer for grease- -proofing paper, cte., | contains zein, 100 ; 
ethyl aleohol (02 per cent), 300; urea, 12 to 20 ; and propylene glyool, 
ethylene glycol, or di- or tri- ethylene glycol, 12-30 parts.t 

The flexibility and water resistance of zein can be improved by 
acetylation. 
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CHAPTER 6 
MODIFIED NATURAL RESINS 


ESTER GUM 


ESTER gum or rosin ester as it is sometimes called is really the triglyceride 
derived from rosin. Rosin or its constituent acids, however, has been 
reacted with a large number of alcohols or hydroxy compounds with the 
formation of esters. With the passage of time profound modifications 
have been made in common rosin, and these modified rosins, naturally, 
have been converted into esters with suitable alcohols. Esters of hydro- 
genated, dehydrogenated and polymerised rosin have been made com- 
mercially, and are in the process of assessment. 

Alcohols used for Hsterification of Rosin—Rosin has been reacted 
with monohydrie aleohols such as methyl, ethyl, » and isopropyl, n and 
isobutyl, amyl, allyl, benzyl, cholesteryl, menthyl, bornyl, stearyl, ceryl, 
myricyl, cetyl and cyclohexyl alcohols; and polyhydri¢ alcohols such 

as glycerol, polyglycerols (diglycerol), ethylene, diethylene, and butylene 
glycols, pentaerythritol, dipentaerythritol, erythritol, mannitol, dulcitol 
and sorbitol. 

Other Esterifying Agents —Other esterifying agents used include phenol, 
cresol, naphthol, tetrahydronaphthol, resorcinol, acotins, monobutyl 
ether of diethylene glycol, chlorhydrins, bromohydrins, alkylene oxides, 
chloroethers, benzyl, methyl benzyl, dimethylbenzyl, jsopropy! benzyl, 
benzal, tolyl, and xylyl chlorides, a and many esters. i 


Esterification Methods. 


` Direct Interaction between Rosin and Alcohol. —Many different methods 
may be used to effect esterification of rosin. Rosin is heated with a 
slight excess of glycerol. The rosin may be melted, the glycerol added 
and the heating continued until the best reaction temperature is reached, 
and this is maintained until the reaction is complete, Alternatively the 
rosin is heated to the reaction temperature and the glycerol introduced 
under the surface of the hot rosin. The reaction temperature is main- `, 
tained as before. l 
The reaction is facilitated by removal of the water evolved. and this 
may be accomplished by using a slight vacuum, passing hot neutral gases ~~ 
through the reaction mixture,! or by adding compounds like acids which BO 
are capable of absorbing water. The plant may be fitted with a con- 
_ denser designed to condense glycerol but which allows A free exit for the | 
water vapour. Esters of monohydric alcohols are obtained by refluxing . 
the alcohol and rosin together, This may be accomplished under. 
pressure, in. which case, higher reaction temperatures are possible, Thus,” 
rosin and ethyl alcohol are heated at 160°C, and ni 'atmospliere 
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pressure for four hours in the presence of p-toluencsulphonic acid’ to yield 
ethyl abietate. Using oleum as a condensing agent, rosin and ethyl 
alcohol can be refluxed at ordinary pressure to yield the abietate.? 

` Another method of obtaining a rosin ester is to prepare a solution 
of the rosin in the alcohol and to pass the solution through the reaction 
vessel at a high temperature and under pressure.? 

Ester Interchange-—Apart from the direct interaction of rosin and 
aleohol, esters of rosin may be obtained by a variety of other means. 
If a high temperature can be attained ester interchange can be induced 
_between esters and rosin to yield rosin esters. Thus rosin can be heated at 
temperatures of the order of 290° C. with esters such ay dimethyl, diethyl, 
and dibutyl phthalates, or glyceryl tristearate.t In place of normal esters 
rosin may be heated with partial esters such as mono and diacetin. 

Other Methods ——By a laborious process cosin ester can be obtained 
from the interaction. between rosin and the monobuty! ether of diethylene 
glycol. Between thirty and seventy hours at 2007-220? ©. are necessary 
for the reaction. A rosin ester ia obtained by heating rosin and ethylene 
oxide at 160°-170° C. under pressure.* A glycol ester of rosin is obtained. 
by heating a solution of caustic soda, alcohol, rosin, and BB'-dichlor oethyl 
ether at 160° C. under pressure for eight honr& 

. Ethyl abietate is made by adding diethyl sulphate to an aqueous 
alcoholic solution of sodium resinate and heating.® 

When rosin, henzyl chloride, with zinc chloride a8 catalyst, are heated 
together first at 100° C. to remove hydrochloric acid and finally at 200° C., 
a rosin ester results.” Or sodium resinate can be refluxed with benzyl 
chloride to yield a resin.+° 

Rosin can be reacted directly with phenols to yield phenolic esters. 
Rosin and phenol are heated together at 280? C. and ten atmospheres 
pressure in the presenco of a catalyst such as zinc chloride. Rosin esters 
' are derived from the interaction of calcium salts of phenols and rosin 
at 180°-220° Q.H 


Reaction between Rosin and Glycerol U 


` Although the foregoing represents a fairly complete s survey of the 
reactions which are possible for the formation of esters from rosin, it is 
the direct interaction between glycerol and rosin which is by far the most 
important from the varnish maker’s point of view. 

Temperature —The speed of the reaction is controlled largely by the 
temperature used. Reaction occurs between rosin and glycerol at. 
relatively low temperatures (150° C.), but much higher temperatures 
are necessary to make the reaction proceed at an economical rate or 
to effect eomplete esterification, 1? 

© Using rosin (105-3 pts.), of acid value 160, and glycerol (9-2. pte.) 
- &he author noted a reduction in acid value to 50 after six hours at 200" C. 

The mixture gave a clear. bead on cooling after two hours. at 260° C. . 
When the reaction temperature was raised to the boiling- -point: of. 
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glycerol (290? C.) esterification was completed in fifteen minutes when the 
reactants were rosin (100 pts.) and glycerol (12 pta.).? 280? C. has 
been suggested as the best temperature for esterification of rosin (100 
pts.) with glycerol.(12 pts.) and three hours treatment is required. Uf 
the heating of rosin ester is continued too long decomposition of the 
ester may occur, resulting in liberation of free acid. If rosin is esterified 
with alcohols other than glycerol the reaction temperature needa modifi- 
cation. With a mixture of rosin (90 pts.) and ethylene glycol (10 pts.) . 
Borgmann uses a temperature of 230°-235° C. in an autoclave. Other 
workers suggest that rosin (100 pts.) and ethylene glycol (13 pts.) are heated 
slowly from 180°-280° C2" Rosin esters are prepared from ethylene and 
propylene glycol in two stages. The rosin is first heated with about 
half the equivalent amount of aleobol at 250°-290° C. The remainder 
of the alcohol is then added slowly while the temperature is maintained.4? 
Diethylene glycol (20 pts.) and rosin (100 pts.) are heated together for 
& total time of fifteen hours at 2507-260? C., using a catalyst. An ester 
gum is obtained from rosin and butylene glycol by refluxing a at 245^ C. 
for several hours. 

Rosin ia esterified with steary! aleohol by heating at 9200? C. for 
several hours. The final product is described as a soft resin,“ 

Pressure.—As indicated already, the high reaction temperatures for 
monohydric alcohols and rosin may be attained by increasing the pressure, 
and another example for the production of ethyl abietate from ethyl . 
alcohol and rosin uses a temperature of 265? C, and. & pressure of 800 ih. 
per gquare inch.!9 

The use of pressure in the reaction between rosin and glycerol does 
not offer any very great advantages, although the. reaction at 250° ©. 
and several atmospheres pressure has been recorded, The use of re- 
duced pressure, however, offers greater possibilities. Some processes ` 
- use reduced pressure to aid in the removal of the water eliminated, but 
there is also the danger of simultaneous removal of glycerol. The ap- 
plication of a vacuum at the conclusion of the reaction to remove the 
last traces of water or unreacted glycerol is a distinct advantage? The 
removal of free glycerol from ester gum is important for to its presence 
is attributed the two defects of inferior water resistance and the blooming 
of dried varnish films. 

Amount of Glycerol—Since, normally, the reaction between rosin and. 
glycerol is conducted at temperatures near or at the boiling-point of 
' glycerol, the loss of this reactant is often appreciable. The extent of 
the loss is exaggerated also by meana adopted for water removal, T 
is, therefore, the usual practice to use an excess -of glycerol to counter- 
balance any losses. An excess of 2-5 per cent of glycerol calculated on 
the rosin present, above that required theoretically, is he quantity 
generally recommended. : 
' 4m inerease in the amount of glycerol greatly accelerates the reaction 
and enables products of lower acid value to be obtained. Thus rosin . 


MB 


Varnish Constituents 


(108:3 pts.) and glycerin (9:2 pts.) gave a product with an acid value of 
50 after six hours at 260? C. When the glycerol was increased to 11:5 
pàrís the acid value dropped to 22 after similar treatment. It was 
noted that whereas using the smaller quantity of glycerol the reaction 
product was clear on cooling after two hours at 260° C., with the larger 
quantity four hours’ treatment was necessary, 

Catalysis Many catalysts have been suggested to facilitate the 
esterification of rosin with glycerol and these include: oxides of zinc, 
lead, calcium, barium, and magnesium,!® metals such as zinc, cadmium, 
aluminium, magnesium, copper, cobalt, steel, metallic salts, including 
resinates of calcium, cadmium and lithium ; chlorides of iron and zine, 
' gine carbonate, ealeium cyanamide, sodium acetate, and acids such as 
hydrochloric, carbonic, sulphurie, orthophosphorie, orthophosphorous, 
diglycollio,? borte, p-toluene sulphonie, succinic, and oleum.? Drying 
oils are also stated to have a marked catalytic effect on the esterification, 
and of these tung oil has the greatest effect, which may be improved still 
further by the addition of organic calcium salts.” 

(a) Calcium Oxide —Experiments conducted on the esterification of rosin 
with glycerol in the presence of calcium oxide gave the following results :-— 

Using rosin (105-3), glycerol (11-5) and. calcium oxide (0-117) the acid 
value was reduced to 6-5 in ten hours at 260°C. In the absence of 
calcium oxide under tho same conditions the acid value was reduced to 
.12-3. only. lf the glycerol iu the first experiment, using calcium oxide, 
is reduced to 10:3 the acid value falls to 8&0 in ten hours at 260? C.; 
if the glycerol is reduced to 9-76 the final acid value is 13-5. A more 
rapid process for the production of ester gum involves the use of much 
larger amounts of catalyst. Thus rosin (800 pts.) and calcium oxide 
(12 pts.) are first reacted at 290° C. for thirty minutes, after which glycerol 
(40 pts.) is added and the reaction continued at.270°-290° C, for a further 
thirty minutes. ‘The resultant resin had an acid value of 9-0.21 

(b) Zine Ovide—Zinc oxide. was found to be a very efficient catalyst 
. and better than calcium oxide, Rosin (105-3 pts.), glycerol (11-5 pts.) 
. and zine oxide (0-117 pts.) gave an ester with an acid value of 10-4 after 
four hours at 260°C. With the glycerol reduced to 9-76 parts an acid 
value of 19-1 was obtained after four hours. . 

(c) Litharge.—Using rosin (105-3 pts.), glycerol (8.76 pts.) and 

ltharge (0-117 pt.) am acid value of 28:0 was attained after four hours 
. && 260* C. and had diminished to 16-4 after ten hours! trestment. 
(d) Sulphuric and Hydrochlorie Acids.—In using strong or con- 
. eentrated sulphurie acid as catalyst great care must be exercised to 
avoid the reaction getting beyond control. The acid should be added 
Slowly at the minimum temperature possible to avoid excessive frothing. 
Hydrochloric acid may be bubbled through in the gaseous form. Rosin 
(100. pts.) and glycerol (10—16 pts.) were heated together at 285° C. for 
two hours whilst hydrogen chloride was bubbled through. |The acid. 
. value of the ester obtained was 11-0 approximately, at 
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Although the use of catalysts undoubtedly facilitates the esterification 
of rosin it is not the general practice to use them, for the consumer does 
not regard ester gums containing zinc or calcium with favour. 

Reduction of Free Acidity—The free acidity remaining after the normal 
esterification process may be reduced by the addition of basic oxides 
such as zinc oxide or calcium oxide, but this practice is not recommended 
for it is commonly held that durability‘is affeeted.. 

Effect of Metals —The catalytic effect of metals upon esterification is 
an important point in manufacture, for ib may influence the choice of 
plant. Iron acts as a catalyst but gives ester gums of inferior colour. 
Aluminium vessels. are popular. The metal not only acts catalytically 
but enables pale products to be produced also. There is some clement 
of danger in using glycerol in aluminium vessels at high temperatures and 
this aspect should be borne in mind. Stainless steel can. be used for the 
reaction vessel but little information is available of its catalytic effect. 

Agittation—Due to the high specific gravity of glycerol, there is a 
strong tendency for it to settle to the bottom of the reaction veasel. 
Convection currents are not normally strong enough to provide adequate 
stirring and continuous agitation by means of a mechanical stirrer is a 
distinct advantage.’ Apart from choice of metal for the reaction vessel, 

: paleness of colour is preserved in the reaction product by stirring and by 
conducting the esterification in an inert atmosphere like carbon dioxide 
or nitrogen. 

. . In esterifying glycols it is reported that the presence of higher homo- 
logues greatly facilitates the reaction. Thus a glycol containing 40 
per cent. higher homologues behaves better than pure glycol. 1? 

Purification—After. the esterification, ester gums are not usually ^ 

- subjected to any other treatment before sale, unleas.it be to remove all 
traces of water and excess glycerol. Processes have been described, 

' however, designed to improve the colour of ester gum. Treatment of 
ester gum with phenol or resorcinol is stated to be effective in removing : 
colour, or a solution of rosin ester is treated with furfuryl aleohol or 
furfural.’ Fractions of varying hardness may be obtained from the 
original ester by vacuum distillation. 

Composition—The composition of the ester gum of commerce is 

. Somewhat complex. Although the primary object of the manufacturer 
is to produce a compound approximating close to glyceryl triabietate 
other impurities may be present, ineluding the mono and diabietates, 
the non-acidic compounds in the original rosin, traces of freg -glycerol 
and possibly some catalyst. The mono and diabietates may, bé detected 
by their water solubility. 
_. The conditions of esterification used with rosin | and. glycerol are , such 

- that some of the glycerol is sure to be involved in a side reaction to produce. 

diglycerol, with elimination of water. The diglycerol, in turn, reacts 

with any available rosin, and esters of. diglycerol are thus present in.. 
ordinary. ester gum. The diglycerol ester is reconverted. partially into. 
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the triabietate if it is heated with an excess of rosin. According to 
Woodruff (loc. cit.) it is possible to separate chemically pure glyceryl 
triabietate from the diglycerol-rosin ester, in that the former is insoluble 
in Varnolene and ethyl acetate, whereas the latter is not. 

The presence of free glycerol in ester gum lowers the water resistance, 
put if glycerol is replaced by polyglycerol during esterification, any 
unreacted alcohol has no such harmful effect.” 


Testing 


Ester gum is tested for colour, acid value, solubility in white spirit 
and cellulose solvents, solubility in oil, melting-point, tendency to 
erystallise from solution, and ash. 


Properties 


Ester gum has an acid value varying from 6 to 10 and a melting-point 
of 85° C. approximately, although resins with melting- “points as low as 
58° C. are obtainable. , 

The higher the melting-point, the harder the resin and the resulting 

film, and the better the drying properties. Ester gum is soluble in ali- 
| phatie and aromatic hydrocarbons, vegetable oils, turpentine, ether, 
acetone and in many cellulose solvents. According to Hofmann ester 
gum is insoluble in Cellosolve, Cellosolve acetate, diacetone alcohol and 
ethyl lactate.28 

Ester gum differs from rosin in its solubility in alcohol. Most grades 
of ester gum are almost completely insoluble. So-called alcohol soluble 
_ ester gums are available, but these are highly acidic resins and bear little 
resemblance to true ester gums which are almost neutral. 

"Like rosin some ester gums have a tendency to crystallise from solu- 
tion and this tendeiey should be tested. If solutions of ester gum are 
'. made in esters the addition of substantial quantities of aromatic hydro- 
- earbons is sometimes necessary to prevent crystallisation on storage. 

"The solubility of ester gum may change on storage, especially if it is 
in the form of very small lumps or powder. This change in solubility 
is attributed to surface oxidation. According to Saphier oxidation during 
atorage explains why powdered ester gum frequently gives’ darker 
varnishes than lump resin.*? 

The low acidity: of ester gum permits its use in paint and enamel 
media which have to be used with basic pigments. Its low. acidity 
makes the preparation of satisfactory wood oil varnishes difficult, although 
straight ester gum-wood oil varnishes are made. Ester gum exerts 
practically no influence on the time necessary for gelation of wood oil 
except im so far as ib acts as a diluent. Huff records, however, that as 
, the free acidity of. ester gum increases the retardation of gelation be- 
" eomes More pronounced. 28 This is easy to appreciate when the peptising 
action of rosin on polymerised wood oil is recalled. Ester gums do not 
“ possess outstanding durability, and films containing them, unless they 
are, very rich in wood oil, tend to exhibit a degree of surface tackiness. 
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Like rosin, ester gums permit the production of very pale varnishes and 
media, and they are very compatible with most other common varnish- 
making raw materials. Ester gum has better alkali resistance than rosin. 

When glycerol is replaced by other alcohols the resulting esters vary 
considerably in properties. Thus most of the esters from rosin and 
monohydric alcohols are liquids of different viscosities... Of these, the - 
most important are methyl, ethyl and benzyl abietates. Methyl abietate 
is a pale yellow liquid resin, with a boiling-point of 225° C./16 mm. It 
has an acidity of 5 per cent approximately, calculated as abietie acid. 
It is soluble in most organie solvents and has good compatibility with 
most varnish-making raw materials. Ethyl abietate has similar pro- 
perties to methyl abietate. It is a pale yellow liquid resin with a 
boiling-point of 350? C., approximately, at ordinary pressures, or 205° 0,4 
mm. Its solubility and compatibility are good and resemble those of 
methyl abietate. Durrans records that the ester has a tendency to 
darken on exposure and to become brittle®® Benzyl abietate is a soft 
solid with good solubility. It has a boiling-point of 295° C./4 mm. The 
ester from butylene glycol is a sticky but brittle resin. 

' Crebert has studied the influence of higher alcohols than glycerol on the : 
properties of the ester gums obtained. As the number of hydroxyl groups 
in the alcohol increases the corresponding ester gum increases in melting- 
point and solubility changes occur. Glycerol is considered inferior to poly- - 
hydric alcohols containing more hydroxyl groups, as a resin. component. 
Esters from erythritol, mannitol, dulcitol and sorbitol are all considered. 
superior to the ester from glycerol. The pentaerythritol ester has poor 
colour if made from ordinary commercial pentaerythritol. It has good 
oil compatibility, and acid values of the order of 12 can be obtained. ' 
This ester is claimed to improve: the. water resistance and durability of — 
oil varnishes.2? The: alkali resistance of the’ pentaerythritol ester is 
superior to that of the glyceryl ester. . 


Uses 


Ester gum is widely used i in the varnish trade. It may be used alone 
or in conjunction with copal ester, in paint and enamel media where acid 
valuc is of primary importance. 

Enamels based on ester gum media do not stand up well under tropical 
conditions involving high humidities and temperatures. Films tend to 
remain sticky for long periods and ultimately chalk. The durability 
of ester gum varnishes can be improved, however, by the addition of. 
0-1 per cent. of sulphur.* . 

The low acidity of ester gum also makes it a popular choice for. media 
for metallic paints, especially when used with wood oil, or in insulating 
varnishes for impregnation of coils or fabrio where films of low acidity 
are important. Wood oil varnishes containing ester gum, sometimes 

reinforced with better grade resins, are used as boat varnishes. With. 
‘the introduction: of pure ‘phenolic resin, ester gum has assumed ‘some 


B 


' Varnish Constituents 


importance as a diluent. Experiments have shown that . substantial 
‘amounts of ester gum ean be added to pure phenolic resins without 
seriously affecting the properties of the finished varnish. The introduc- 
tion of some pure phenolic resin to ester gum varnishes based on wood 
oil has the important result of enabling varnishes free from webbing | 
tendencies to be produced. The alcohol soluble ester gum has been 
used in spirit varnish media for the production of white road line paints 
due to temporary scarcity of spirit Manila. Ester gum is also used in 
considerable quantities iu cellulose lacquers to impart gloss, hardness, 
and to increase the solid content. 

Other uses for ester gum include media for antifouling paints, stoving 
varnishes for tin-plate, cementing compositions for the manufacture of 
linoleum, printing inks, and in conjunction with waxes for impregnating 
waterproofing compositions for paper and fabric. © 

Steary] abietate is used in shoe polishes.22 The ethylene glycol ester 
of rosin in alcoholic solution is said to be used for polishing wood. 

Polymerised ster Gum.—Many modifications of ester gum have been. 
made although they have not, as yet, assumed any great importance, 

Under certain conditions, ester gum can be polymerised. This’ is 
accomplished. by dissolving the resin in a solvent and subjecting the 
solution to the action of ultra-violet light, sulphuric acid, zine chloride 
or tin tetrachloride.52 

Alternatively a polymerised ester gum can be made by starting with 
polymerised rosin, A polymerised rosin ester of this type is superior to 
the unpolymerised ester, in hardness, colour, and stability, and possesses 
a lesser tendency to erystallise from solution. Polymerised rosin esters 
are more economical in manufacture since they require about 10 per cent 
less glycerine for a product of convenient low acidity. 

Oxidised Rster Gum.—The melting-point of ester gum can be raised 
by oxidising it by means of air. The resin, after powdering, is spread out 
in thin layers at 507-80" C. and the oxidation process takes several days. 

Hydrogenated Ester Gum—Hydrogenation products have attracted 
more attention than oxidation ester gum products. The chief object 
of hydrogenated ester gums is to provide resins with diminished yellowing 
tendency. Thus methyl abietate. is hydrogenated under a pressure of 

10-500 atmospheres at 1407-250? C. in the presenoe ‘ot a catalyst. A 
resin similar to methyl tetrahydroabietate is obtained. Molten ester 
gum is hydrogenated similarly in the presence of & catalyst.95 

According to Ellis the best method for hydrogenating ester gum is 
in the presence of a solvent, using an activated acid and a catalyst. The 
solvents suggested are aromatic and aliphatic hydrocarbons, esters and 
alcohols. The activating acids are hydrochloric, acetic, formic and 
phosphoric, and the catalysts are the usual hydrogenation catalysts such’ 
as platinum, palladium, nickel and chromites of nickel, copper and zinc.99 | 

The alternative method of producing hydrogenated ester gum is to . 
commence with hydrogenated rosin which is esterified with glycerol,??.. ’ 
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Copal-Rosin Hsters-—~Mixed copal-rosin esters are also produced and 
these are generally harder than rosin ester, with higher melting-points. 
They are also usually appreciably darker in colour, 

Natural copals are more difficult to esterify with glycerol than 
rosin, hence the introduction of rosin during. the esterification greatly 
facilitates it. 

: The Congo is dissolved in the rosin at temperatures’ above 300° C., 
the mixture cooled, glycerin is added and estcrification is effected at 
288^ C. Another process describes esterification of the mixture at 
270°-290° C. and records that the reaction is assisted by the presence 
of calcium resinate,38 

Other Modified Ester Gums. (a) Involving Glycerol.—TFarther modifi- 
cations of ester gum consist in esterifying rosin with glycerol in the 
presence of phthalie anhydride.??  Regarded “from another angle the 
résin formed is really a rosin modified alkyd. Another type of ‘alkyd 
resin is obtained by reacting together hydrogenated rosin, drying oil 
fatty acids, phthalic acid and glycerol.4° Glycerol, linseed oil fatty acids 
and rosin are also reacted together to yield a modified ester gum.“| The 
melting-point of ester gum can be increased by treatment with boron 
trifluoride. Acid value and iodine value are reduced simultancausly.” 
An oil soluble resin is obtained by condensing rosin and an aldehyde 
together in the presence of a catalyst and esterifying the reaction product 
with glycerol. , 

(b) Involving Other Alcohols.—-Other products which bear some 
similarity to abietic acid esters are those derived from abietyl alcohol 
.or the hydrogenated alcohol. Resins are made by condensing these. 
alcohols with polybasic carboxylic. acids which may be aliphatic’ or | 
aromatic dibasic acids or the reaction product of rosin and ‘maleie an- 
hydride. Acidie substances aid the. condensation and include zine chlor- 
ide, sodium bisulphite, boric and p-toluenc sulphonic acids. Other acids’ 
stated to be suitable for esterifying hydrogenated abietyl alcohol include 
_ the following : acetic, palmitic, ricinoleic, tartaric, citric and benzoic acids.“ 

Much research work has been conducted on the esterification of rosin 
and modified rosins with polyalcohols other than glycerol. A very useful : 
summary of this work, with information on the properties of the resultant | 
resins, has beon given by Woodruff.* 

The melting-points of the various esters increase with the hydroxyl 
contont of the polyalcohol used for esterification. The glycol ester is’. 
‘a semi-liquid product ; the glycerol ester has a melting-point of about | 
94° C., the pentaerythritol ester about 105° C., and the mannitol ester 
about 110°C. Considering the wide divergencies in the number of 
‘reactive centres, these comparatively slight differences are disappointing 
to the formulator. In solution, the differences in the resultant viscosities 
' are even less marked. On the whole, therefore, the rosin esters ofthe 
more complex alcohols do not offer any great advantages over the old- 
established and well-tried glycerol ester, 
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More success hag been obtained with the ethylene glycol and penta- 
erythritol esters of polymerised rosin. The ethylene glycol ester has a 
melting-point of 75° C, which is similar to that of the glyceryl ester of 
wood rosin. Its chief application is in nitrocellulose lacquers because 
it is rather too soft as an oil varnish resin. The pentaerythritol poly- 
merised rosin esters are much more interesting generally. They are 
appreciably harder and more reactive than the natural or wood rosin esters, 


REFERENCES 


. Ellis, '* Chemistry of Synthetic Resins,” New York, 1935, 793. 
. v. S.P. 1,840,395. U.S.P. 1,829,481. 


U.S.P. 1,979,671. 
U.S.P. 1,003,741. B.P. 353,616. 


. G.P. 509,368. 

. B.P. 401,071. U.S.P. 1,845,198. 

. U.S.P. 1,843,284. 

. U.S.P. 1,682,280. 

. U.S,P. 1,952,070. 

. U.S.P. 1,513,802. 

. Kogan, Makaronko and Sikar, #arbe w, Lack., 1934, 207. Pyhàlà, Farben-Zitg., 


1827, 83, 801. 


. Murray, Chem. Met. Eng., 1921, 25, 475. > 
J. Applied Ghem. (U.S.8.R.), 1934, 7, 193. Zil' Berman and Zamuislov. Za 


V cokcsenochyu. Ind. 1935, No. 1, 23. 


, U,S.P. 1,779,710. 

. Fritz, Chem. £Ztg., 1933, $7, 884. 

. U.S.P. 1,079,071. 

. Bottler, te Harzo und Harzindustric,’’ Hanover, 1907. 

. U.S.P. 1,381,863. 

USP. 1 395,874. Kogan, Mastoboino, Zhir., Delo, 1939, 9-10, m Boogle, 


Ind. Eng. Chem., 1924, 16, 953. 


. Lafon, Chim. et Ind., 1925, £68. GLP. 448 ,297. Filis, * Chemistry of Syn- 


thetic Resins,” New York, 1935, 795. B.P. 183, 897. 


. Ellis and Rabinovitz, Ind. Eng. Chem., 1916, 8, “406. GAP. 561,158. G.P. 


577,691. 


. Gardner and Coleman, Cire. Pt, Mfra. Assoe., 1920, 101. 

. U.S.P. 2,114,971.  U.B.P, 2,103,445. 

. Pr P. 795,701. 

. Fairbourne, Gibson and Stephens, J.S.C.I., 1930, 49, 1065, 

. Ind, Eng. Chem., 1931, 28, 127, 

. Paint and Var. Prod. Man., 1934, 11, 18. 

. Amer. Paint J., 1939, 29, No. 14, 12. 

. * Solvents,’’ London, 1938, 209. 

. Fette u. Seifen, 1939, 48, 287. 

. Arnold, Chem. Zig.. 1982, 58, 56. Gardner and Sward, Amer. Paint Var. 


Mira. Assoc., Gire. 1932, Νο, 410, 129. 


. Fritz, Chem. Zig., 1083, 57, 354. 

. U.S.P. 2,154,704. 

. U.S.FP. 1,893,982. 

. U.S.P. 1,944,241.  U.S.P. 2,130,907. 

. * Chemistry of Synthetic Resins," New York, 1035, 807, 

. U.S.P. 2,099,067, 

. Murray, "Chem, Met. Eng., 1921, 25, 474, U.B.P. 1, 381 2363, 

. Bus E . 46,541, 40. U. S.P. 2,080,458. 


U.&.P. 1,937,583. 42, G P. 564, 897. 


, Russ. P. 30,366, 

. B.P. 457,790. U.S.P. 2,130,740. 

; U.S.P. 2,138,211. - 

. Am. Ink Makor, reproduced in Pi. Manuf. ` iás, 14, 8. 
. US. P. 2,331,803. 


152 


Modified Natural Resins 
Coran ESTER 


Copal ester, although in many respects à superior resin to rosin ester, 
has not attracted the attention which the latter has, and it is not used 
in such large quantities. The reasons for this difference of popularity 
may be because of the increased difficulty of esterification of copal, the 
higher resultant acidity, the inferior colour and the higher price, 


Esterification of Natural Copals 


During the esterification of rosin with glycerol there is no tendency 
for gelation. The opposite occurs with gopals and these need careful 
heat treatment before the glycerol is added. Ells gives an example 
of this phenomenon wherein Congo was run at 327° C. until it was soluble 
in turpentine. On the addition of glycerol a vigorous reaction occurred 
and the whole mass gelled+ The tendency to gel on addition of glycerol 
was confirmed by Gardner and Holdt.2 Hellmckx found that Congo, 
run until its acid value had been reduced to 70 per cent. of ita original 
figure, gelled when esterification with glycerol was attempted. Other 
natural copals which exhibit the same tendency to gelation on esterifi- 
cation are Pontianac and Manila. Copal esters are available from 
Kanri copal. 

This gelling tendency is overcome if the natural copal is run suí- 
ficiently before esterification. Gardner and Holdt stipulate that the 
copal should be run at 280? C. or higher for a minimum of seventy 
minutes, depending upon the type of plant used. A running temperature 
of 315°-325° C. is given as most satisfactory, and before adding tbe 
glycerol (6-8 per cent) the run gum is cooled to 280? C. The esterifica- 
tion reaction is conducted at 292°-205°C, A mothod worked out by 
Ellis uses a similar temperature range for running the gum but extends 
the treatment to 34 hours, after which glycerol is added (J /16th weight 
of gum) and esterification is conducted at 300° C*  Hellineckx states 
that, satisfactory esterification of Congo with glycerol is possible only 
when all the dibasic acids present initially in ihe copal are disintegrated 
into monobasic acid by running.? The monobasic acids permit esterifi- 
cation without gelation, 

According to Gardner and Holdt, using a run copal with an acid 
value of 80, and 6 per cent of glycerol, a copal cster of acid value 5-5 is 
obtained after two hours! treatment st 280? 0. Billing states that 
esterification of copal is commonly conducted when the acidity has been 
reduced to about 67.19 

Like the reaction between rosin and glycerol, that with copals is 
facilitated’ by using excess glycerol or catalysts. 

Instead. of using run copals the natural copal can be prepared in a 
condition suitable for esterification by mastication over heated rollers.’ 

Esterification in the Presence of Otl.—-Another method of preparing 
copal esters is to run the copal in the usual way and to oil down, with linseed. 
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oil. The temperature is maintained at 2807-290? C., and glycerol is 
added, The reduction of acidity can be followed by withdrawing samples 
and determining the acid value in the usual way. By this means, from 
. & graph, it is possible to estimate the duration of treatment necessary | 
to obtain a medium with a conveniently low acid value. 

Copal esters may be obtained by heating copal with high boiling 
-esters, and this method has the advantage that the running process is 
eliminated. Thus Congo and stearic triglyceride are reacted together 
at 300° C, for four hours. The stearic acid eliminated by the reaction 
is removed by distillation under vacuum. A opal ester is obtained 
possessing the exceptionally low acid value of 1:5 

Copals may be esterified with various phenols to yield useful resins 
if desired,” 


Properties 


Copal esters are harder resins than the corresponding rosin ester. 
and have higher melting-points. They are, however, generally much 
darker in colour than the rosin esters. This is chiefly because they are 
subjected to the destructive running process before esterification. 

Pale coloured copal esters are obtainable but they aro very expensive. 
This paleness of colour is frequently obtained by using a rosin flux or 
a catalyst which may be a zine compound. In many instances the 

, presence of either of these substances may be a serious drawback and it 
is often necessary to examine copal ester for their presence. : 

- Copal esters have good solubility. and compatibility, although not 
so good as the rosin esters. They are soluble in aliphatic and aromatic 

. hydrocarbons, turpentine. and drying oils both unpolymerised and 
polymerised; but insoluble in ethyl alcohol and acetone. ' After esterifi- 
' cation the acid value of copal is reduced to 10-15. This is appreciably 
higher than. the acidity of rosin ester but for many purposes is not a 
' disadvantage. 

From the varnish makers’ point of view it is much more easily manip- 
ulated than the straight copal and it is not subject to the same process 
losses.. 

Copal esters possess good alkali and acid resistance, good. water 
resistance and good durability with gloss retention, They are claimed 
to have little blooming tendency and exhibit little yellowing on exposure. 
Copal esters may retard the dry of linseed oil varnishes slightly but no 
‘retardation is noticeable with wood oil varnishes.® 

Copal ester varnishes have good adhesion to metal when baked and 
have excellent flexibility. 


Uses 


Probably the most important use for. copal ester is in the manu- 
factüre of media for hard gloss paints and enamels. Because of the 
low acidity of these media as compared with similar media based on 
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unmodified copala no precautions are necessary in the use of pigments. 
Basic pigments may be used, and providing that a sufficiently pale copal 
ester is obtainable a proportion of zinc oxide can be added, if desired, 
in whites or tinted whites without fear of excessive feeding. Copal 
esters may be used also with wood oil in good grade non-feeding gold- 
sizes, Another important use for these resins is in tin printing varnishes, . 
especially the gold stoving types. They yield hard, tough, flexible 
films which stand stamping and are very resistant to the action of natural 
juices from fruit, vegetables, etc. In conjunction with wood oil, var- 
nishes with good alkali resistance can be formulated. Gardner and 
Holdt found that a copal ester varnish resisted satisfactorily a 20 per . 
cent caustic soda solution for seven days. Similar varnishes with copal 
broke down.? 
~ They are used also for an intermediate grade of boat varnish also 
based on wood oil, which for quality is between the rosin or ester gum 
type and the modified phenolic type. 

Their low acidity also makes them valuable inthe production of 
impregnating insulating varnishes for coils or fabric. 

Solutions of copal esters in solvents are sometimes added to alkyd. 
resins to improve hardness, They are used also to some extent in the 
manufacture of cellulose lacquers. 
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CHAPTER 7 
SYNTHETIC RESINS 


ALKYD RESINS 


Introduction —The many reaction products of polyhydric alcohols 
and. polybasic acids are known either as alkyds or glyptals. The funda- 
mental basis for these resins is the product from the direct interaction 
of glycerol and phthalic anhydride or phthalic acid. This product is 
of little value in itself, and it is only when modifying ingredients are 
introduced that valuable synthetic resins are produced. 

Mechanism of the Resin Reaction —Opinions have been expressed on. 
the courses of the reactions involved by the following :— 

Kienle * and Hovey; Carothers; Barry, Drummond and Morrell ; 
Bradley; Savard and Diner; Hoénel; Bozza; Schlenkert ;+ Wornum ; 
Houwink and. Klaassons,? Siddle,’ Flory, and Kienle and Petke. 142 


The Alcohol Component and its Effect on Resin Properties 


Resins have been made from many different, polyhydrie aleohols but 
by far the most important alcohol used commercially is glycerol. The 
alcohol used controls to a marked degree the physical properties of the 
resin obtained with phthalic anhydride. Thus ethylene and propylene 
glycols yield non-heat convertible hard glassy resins ; diethylene glycol 
yields a non-heat convertible soft resin; methyl alcohol does not yield 
a resin; glycerol, pentaerythritol, and mannitol yield heat convertible 
hard resins? With dibasic acids s glycols yield fusible resins, and with 


, polybasie a ids containing ‘nidre than bwo càrboxylie-groups insoluble 
~ reina arë obtained.4 Pentaerythritol, polyglycerol and sorbitol react 
with phthalic anhydride more readily than glycerol and yield more com- 
plex resins. Mixtures of polyhydrie alcohols may be used. Partial re- 
placement of glycerol by glycol yields more soluble resins. 2,3-butylene 
glycol, trimethylene glycol and propane-1,2-diol yield more soluble resins 
- than glycerol.* 

Glycerol may be substituted in part by monohydric alcohols such as 
ethyl, amyl, butyl, allyl, diacetone alcohol, borneol, and cyclohexanol. 
The reaction products with phthalic anhydride are soft, water resistant 
and flexible." 

Phthalic anhydride and ethylene glycol condensed in equimolecular 
proportions yield a resin opaque to ultra-violet and infra-red light.? 
A resin is obtained, on heating, from phthalic anhydride, glycerol and - 
&n ethylenic.or paraffinic monohydric alcohol such, as lauryl alcohol, 
Cetyl alcohol may replace lauryl alcohol.® B.P. 396,354 mentions the | 
use of tetramethylene glycol and B.P. 394,000 includes benzyl alcohol. 
Diethylene glycol is condensed with phthalic anhydride to form a resin.?® 

Gardner, Krauss and Van Heuckeroth have prepared a resin from 
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phthalic anhydride, tartaric acid and triethylene glycol. The mono- 
ethyl ether of dietlrylene glycol, glycerol and phthalic anhydride are 
reacted together at 225? C. 

Ricinoleyl alcohol and phthalic anhydride are heated, at 120° C., 
for several hours to procure a resin which becomes infusible and insoluble i 
on further heating.?  Butyl alcohol, ethylene glycol and phthalic an- 
hydride are reacted together. An air-drying resin is made from 
abietinol, glycerol, phthalic anhydride and linseed oil, by maintaining 
the mixture at 250? C. for three to four hours, Abietinol is obtained 
from abietic acid by reduction.“ The reaction product of 2 . 3 . dichloro- 
propanol and castor oil soap on heating with phthalic anhydride provides 
an oil soluble resin Mono and diglycerides are sometimes used to 
replace glycerol, but this aspect is covered later under. the discussion 
devoted to methods of manufacture. 

À resin is recorded from the condensation of a mixture of glycerol 
and glyceryl mono, di and triacctates with phthalic anhydride.1’? Nitro- 
cellulose resins can be made from ether alcohols (glycerol mono-ethyl 
ether) and phthalic anhydride, Cellulose and phthalic anhydride react 
in the presence of pyridine.!8 


The. Acid Components and their Effect on Resin Properties 


Phthalie anhydride, oleie acid, cellulose ether and glycerol are heated 
together at 200° C. to yield a neutral resin soluble in aromatic hydro- 
earbons.? Resin plasticisers can be made from the interaction of mono, 
di or triethanolamine and phthalic anhydride. Drying oil fatty acids 
may be introduced into the reaction mixture also.?9 | 

Phthalic anhydride ¢an be replaced also by many mono, dibasic ‘or 
even polybasic acids. The acids may be the fatty acids from vegetable 
oils or acid resins like rosin or.the copals. ‘Mixtures of mono and dibasic 
acids are frequently used, and phthalic anhydride may be replaced wholly 
or partly by these mixtures. 

Acidic Eesins.—Tosin, Congo, phthalic anhydride and glycerol form 
a resin based on natural acids. Kauri, masticated Congo copal, shellac, 
'and tall oil fatty acids are also cited as rosin components. 21 

The inclusion of rosin in air-drying alkyds improves their solubility 
in aliphatic hydrocarbons but reduces their durability. To introduce 
shellac it is heated with a polyhydric alcohol. The product is reacted 
with fatty oil or resin acid and then reacted with a polycarboxylic. acid. 
Alternatively, the shellac may be heated with the fatty oil or resin'acid 
and.the resultant product reacted with a polyhydric alcohol. followed y. 
treatment with a polycarboxylic acid to effect esterification: The resins . 
obtained are claimed to yield valuable varnishes:for ‘food containers ot 
for electrical insulation. Products obtained fromi tall oil fatty acids . 
have no outstanding properties. “They are ‘miscible with nitrocellulose,- . 
A varnish of good durability. is obtained : ‘by blending four r parts of linseed: : 
oil stand oil with. one’ part of tall: jl modified: alkyd. a. | . 






Varnish Constituents 


Vegetable Oil Fatty Acids.—Drying oil fatty acid modified alkyds 
are used more widely than any other modification. The following selec- 
tions will demonstrate that fatty acids from almost every known vegetable 
oil form valuable components of all types of alkyd resins. Walnut oil 
fatty acids are condensed with phthalic anhydride and glycerol.?* Other 
fatty acids condensed with phthalic anhydride and glycerol include 
stearic, a mixture of rosin and stearic acid, cottonseed, linseed, wood oil, 
perilla, soya bean oil, oleic, octadecadienic, coconut oil, linoleic, poppy- , 
seed, olive, castor, sesamé, colza, Japanese fish oil, and rubberseed oil 
fatty acids.” , 

Diethylene glycol, phthalic anhydride and oleic or palmitic acids 
yield a resin. Oil and petrol-proof varnishes are made from a resin 
produced by the interaction of etlrylene glycol, glycerol, phthalie an- 
hydride, succinic acid ad fatty acids from cottonseed, linseed or tung 
oil.26 Resins of much improved. colour are obtained if vacuum distilled 
fatty acids are used. A resin is made in the presence of carbon dioxide 
by condensing together phthalic acid, distilled linseed oil fatty acids 
and glycerol?? 

Oiher Monobasic Acids—Other monobasic acids, incorporated in 
alkyds, include naphthenic, acetic, benzoyl benzoic, lactic and hydroxy- 
butyric acids. An alkyd resin is based on a mixture of drying or semi- 
drying oil fatty acids and naphthenic acid. Polyhydric alcohols are 
partly esterified with naphthenic acid and then completely esterified 
with polybasic acid. Alternatively, naphthenic acid is used to esterify 
a polybasic acid containing an hydroxyl group and the product esterified 
™ by addition of polyhydric alcohol.?® 

A resin miscible with nitrocellulose is made by heating hydroxy- 
butyric acid, vegetable oil fatty acids, phthalic anhydride and glycerol 
at 260°-300° C.2° 

. Lactic acid or its anhydride is first reacted with a dicarboxylio acid 
with the object of esterifying the hydroxyl group, The resultant productis 
then completely esterified in a further reaction with a polyhydric alcohol. 

Short chain monobasic aliphatic acids with not more than five carbon 
atoms have been suggested for use in alkyd resins. Resins miscible with 
ordinary varnish resins and asphaltums are made by reacting the reaction 
product from acetic acid and glycerol with linseed oil fatty acids and 
maleic anhydride in the presence of naphtha.3° 

An interesting blue coloured resin with valuable electrical properties 
is claimed by reacting glycerol, phthalic anhydride and an amino-carb- 
oxylic acid together. The amino-carboxylic acid can be prepar ed in situ 
from PhNH, and CICH,COQOH.*! 

The introduction of monobasic acids to alkyd resins is claimed to 
improve flexibility, a property which generally increases directly ag the 
molecular weight of the acid. D 
τος JMaleic Anhydride.—Of dibasic acids used in place of. phthalic anhydride 
maleic acid or anhydride i is one of the most important. Maleic anhydride 
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gives valuable products because ib not only acts as a dibasic acid but 
acts also as an unsaturated compound. The unsaturated linkage aids 
further polymerisation, resulting in-improved dry, 

If unsaturated drying oils or their fatty acids are present these also 
may react with maleic anhydride to produce further complexity. If . 
the oils contain conjugated double bonds the reaction proceeds according — 
to the Diels and Alder synthesis. The presence of rosin helps complexity. 
'  Maleic anhydride, by reason of its chemical constitution behaves 
quite differently from phthalic anhydride in alkyd resin reactions. 
Phthalic anhydride is capable of easy manipulation, but resins based 
entirely on maleic anhydride need special methods. Mixed resins con- 

taining both phthalic and maleic anhydrides enjoy some popularity, 
possibly because they are easier to formulate and to manufacture than 
the straight maleic resins. 

Long oil, oil-soluble alkyds can be made by reacting phthalic acid, 
maleic acid, glycerol and oil fatty acids together if the maleic acid does 
not amount to more than 15 per cent of the phthalic acid.® Tf the 
proportion of oil fatty acids is substantially increased, the proportion 
of maleic anhydride can be increased also. 

Rosenblum states that the amount of maleic acid which it is possible 
to incorporate is limited, and that non-homogeneous products are obtained 

by the direct reaction of vegetable oil fatty acids, maleic anhydride and 
glycerol, If, however, a partial ester is first prepared from the fatty 
acid and glycerol, its subsequent reaction with maleic anhydride pro- . 
duces homogeneous resins.33 

It has been stated that the reason dor the non-homogeneity of oil | 
modified alkyds, produced by the direct substitution of phthalic by | 

‘maleic anhydride, is the side reaction between. the unsaturated fatty. l 
acids aid the maleic anhydride ; 

Bevan believes this explanation to be improbable on experimentel 
findings. Homogencous reaction products are obtained when the initial 
ester formed from acid and polyhydric alcohol is insoluble in water. 
The presence of a, mutual solvent like cyclohexanol is claimed to produce 
homogeneity, Other methods for obtaining homogeneous products are 
to react the ingredients, glycerol, maleic anhydride, and oil fatty acids 
in the presence of a volatile acid like acetic acid, or to first prepare a 
‘partial ester from acetic acid and glycerol.3* 

Phthalic acid or anhydride, vegetable oil acids, maleio acid. or an- |. 
hydride, rosin, and glycerol are condensed together at 1709-240? C.:to - 
- form a resin. A resin is produced from the direct interaction. of τήβ]οϊο 
acid and glycerol which is. soluble in acetone; ethyl. ‘aleohal ‘or ethyl 
acetate. Thermo hardening resins suitable for stoving at. 130° C. are 
produced by: reacting am unsaturated . aliphatio. polybásie acid with a 
. polyhydrie alcohol in.the- presence of benzoyl peroxide, the polymerisa- l 

"tion. catalyst. being added after partial. condensation.” - Maleig, acid: iş., 
‘said to Teast amore rapidly than, hthálio acid. | 
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Maleie acid-oil modified alkyds are said to give paler resins than 
straight phthalic anhydride resins and to have improved colour retention, 
durability, adhesion and water resistance. 

Maleic acid also forms heat- and oxygen-convertible resins with 
. dihydrie aleohols.9" 

Other Polybasic Carboxylic and Miscellaneous. Acids.—Phthalie acid 
may be substituted by iso, terephthalic or hexahydrophthalic acids28 . 

Linoleic acid, isophthalic acid and glycerol have been condensed to 
form an air-drying composition, and the use of terephthalic acid for this 
purpose is also recorded.*® © Hovey 0 reports difficulty in producing 
alkyd resins based on terephthalic and isophthalic acids. 

. A comprehensive list of dibasic carboxylic acids, in addition to the 
above, which have been recorded as constituents of alkyds includes 
sebacic, adipic, succinic, oxalic, malic, tartaric, fumaric, citric, glutaric, 
pimelic, suberic, azelaic, malomalic, aconitic, diglycollic, thiodiglycollic, 
dilactic, salicylacetic, dihydracrylic, tetrahydrophthalic, camphoric, 
benzophenone-2,4’-dicarboxylic, diphenie, 1,8-naphthalic, —dihydro- 
naplthalene-1 : 4-dicarboxylic *! and dihydroxydiphenylmethane dicarb- 
oxylie, and tetrachlor-o-phthalic acids.14? 

Reaction products of rosin or terpenes with maleic anhydride yield 
polybasic acids which can be condensed with glycerol. Maleic anhydride 
algo reacts with diene or terpene compounds to yield tetrabasic carboxylic 
acids. . These provide flexible, infusible resins when condensed with long 
chain glycols.?  Maleie anhydride can be made to react also with an- 
thracene and the product further reacted with polyhydrio &lcohols.:? 

Another acid which has enjoyed some popularity as an alkyd con- 
stituent is known under the name of “ Petrex ” which is chiefly 6-methyl- 

3-isopropyl- 3 : 6-endoethylene-Z*-tetrabydro-o- phthalic anhydride. 

A resin is obtained by the condensation of guccinic acid, phthalic 
anhydride, rosin, glycerol, ethylene glycol and tung oilt A detailed 
patent describes the manufacture of resins from the interaction of a 
polyhydric alcohol, a polybasic aromatic acid, a dibasic aliphatic acid 
and a dihydric alcohol. The polyhydric alcohols include glycerol, man- 
-nitol and pentaerythritol; the polybasic aromatic acid is phthalic acid ; 

' the dibasic aliphatic acids include succinic, malic, maleic, fumaric, glutario, 
adipic, pimelic, suberic, azelaic, «and sebacic acids; and the dihydric 
_aleohols include ethylene, diethylene, propylene and tetramethylene 
glycols. An alkyd recommended for patent leather is made by reacting 
together linseed, tung, perilla or soya bean oils or fatty acids with glycerol, 

pentaerythritol, or polyethylene glycol and with phthalic anhydride, 
succinic, fumarie, maleic or adipic acids. Other ingredients may include 
rosin, ethylene glycol, glycol ether or benzyl alcohol. An oil-soluble 
- resin. is made from succinic acid, vegetable oil fatty acids, phthalic acid 
` apd glycerol. 48 Four molecules of monolinolein, tlıree molecules of maleic 
- or succinic acid and one molecule of phthalic anhydride are condensed to-' 
gether to yield a resin. Alternatively, resins free of phthalic anhydride as are: 
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prepared by making a di-ester from vegetable ‘oil fatty acids and glycerol 
and reacting it with maleic anhydride or acid ; or succinic acid is reacted 
with monolinolein.*? Glyoerol, phthalic acid, linoleic acid and a dicarb- 
oxylic acid such as succinic, tartaric, maleic, malic or fumario acid, and 
boric acid are heated together until a resin soluble in toluol is obtained. 
The resin is suitable as a base for white baking enamels.*® ' 

The resins obtained from glycerol and adipic or sebacie acids remain 
rubbery even after stoving. Initially they are soft and plastic? A 
satisfactory resin is claimed from the interaction of glycerol and. succinie 
acid in the proportion of one part to two parts. The hardness of the 
resin increases directly as the proportion of acid. Callahan claims that 
whilst glycerol.and phthalic anhydride yield brittle resins, resins from 
glycerol and succinic acid are tough and flexible.4* Malic acid and 
glycerol yield a sticky fusible resin. Prolonged heating produces in- ` 
fusibility. Low temperature treatment of citric acid and glycerol pro- 
vides a hygroscopic product, the hygroscopicity of which is reduced by 
raising the temperature of reaction. A colourless resin is produced from 
eitric acid and glycerol? Dthydroxydiphenylmethane dicarboxylic acid, 
wood oil fatty acids or rosin, and glycerol are reacted to yield & resin.*! 

__ Tnaddition to the hydroxy acids, malic, tartaric and clirie acids already 
mentioned, other similar acids have been protected as resin constituents. 
Citric, tartaric, salicylic, glyceric, glycollic and lactic acids are used to. 
esterify glycerol, glycol or mannitol and the product condensed with 
phthalic, adipic or succinic acids. The resins obtained are useful for 
lacquers or varnishes, being soluble in alcohol-benzerie or in acetone.” 

The reaction product of lactic acid, phthalic anhydride and othylene 
glycol is a resin. 

Borie Acid.—Boric acid sometimes occurs as a constituent of alkyd 
resins. The products of interaction of polyhydrie alcohols with borio 
acid are generally water soluble. A resin may be prepared from glycerol 
„and phthalic anhydride in the presence of boric acid. These products 
may be used as adhesives or as plasticisers for glues. Glycerol, 200 
parts; phthalio anhydride, 148 parts; and boric acid, 62 parts, are ` 
reacted at 200° C. for three hours, when linoleic acid, 280 parts, is added. 
Heating is continued at 240* C. until the product is soluble in toluene. 
The resin is blended with nitrocellulose to confer gloss and durability. 
A fatty acid with more than thirteen carbon atoms, glycerol, phthalic | 
acid and boric acid are condensed together to form a resin," i 

The presence of boric acid in a resin is said to increase the complexity. | 
Thus, phthalic anhydride, polybasie aliphatic acid, vegetable oil fatty. 
acids, boric acid, natural resin. and: glycerol-ere heated together. BB 


. Vegetable Oil Modified Resins 


| "Lénseed Oil-—Esters are common oonstituents of alkyds, especially ' 
in the form of triglycerides such as vegetable oils. Thus phthalic an- - 
‘hydride and. Jinseed oil are heated together, glycerol added and. the 
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mixture heated further to form a resin, or the product obtained by con- 
densing phthalic anhydride and glycerol is heated with linseed oil at 
200*-990? C., more glycerol added and the heating continued at 240°- 
260° C35 The reaction product of phthalic anhydride, three molecules, 
and glycerol, four molecules, is heated with a non-hydroxylated vegetable 
oil; more phthalic anhydride is added and the heating process continued.57 
A preheated drying oil, phthalic anhydride and a drying oil acid mono- 
glyceride form an oil soluble resin.5? 

Sulphurised. Oil.—Sulphurised linseed or wood oil is reacted with 
glycerol and phthalic anhydride to yield a soluble resin. Alternatively, 
the oil may be sulphurised in presence of the other ingredients.®? 

Ongokea Klaineana Oil.—A resin suitable for use in varnishes is pro- 
duced from phthalic anhydride, glycerol and oil of Ongokea Klaineana.$? 

Castor Oil.—Castor ojl is a very popular oil for alkyds whether of the 
air-drying or stoving types. Thus castor oil, phthalic anhydride and 
glycerol yield a benzene soluble resin on heating. Jf the reaction is 
conducted at 260°-270° C. the resin has drying properties, or the phthalic 
anhydride and glycerol are given a preliminary heating at a relatively 
low temperature (150° C.) when the eastor oil is added and the process 
continued at 260°-270°C. Solubility in aliphatic hydrocarbon is 

. attained by increasing the oil content of the resin. Castor oil, ethylene 
glycol, and phthalic anhydride are condensed together. Octadecadienic 
acid, castor oil, glycerol and phthalic anhydride provide a useful resin. 
À product soluble in organic solvents is derived from phthalic acid and 
hydrogenated eastor oil.9? 

Tung Oil.—Wood oil is a difficult oil to incorporate in alkyd resins, 
A product is obtained by heating glycerol, rosin and wood oil until 
homogencous, phthalic anhydride is then added, and the mixture con- 
densed further.9?. 


Special Modifications 


Waxes.—Waxes have been used as modifying agents for alkyds. 

An ester type wax such as montan, beeswax, carnauba, or spermacet . 

wax is heated with glycerol in the presence of a catalyst and the product 

. reacted with phthalic anhydride.9* 
. Halogenated Alkyds.—Halogenated alkyds have been recorded. The 
product from castor oil, polybasic acids and polyhydric alcohols is dis- 
solved in benzene or carbon tetrachloride and chlorine or bromine is 
added until 5-25 per cent is absorbed, based on weight of resin.95 Halo- 
genated castor oil alkyds are used as flameproof plasticisers. Glycerol, 
phthalic anhydride, monobasic acid and drying oil are treated with 1-2 
' per eent. halogen based on the oil and then reacted together. Alter- 

| natively, the oi] may be treated with halogen. 96 
. Urea.—Modification of alkyds by urea compounds either by direct 
interaction or by simple addition yields valuable stoving media, Urea, 

glycerol and phthalic anhydride are reacted together, or the urea and » 
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phthalic anhydride may be heated, after which the glycerol may be 
added and the reaction continued.®? A urea-formaldehyde resin and 
an unmodified alkyd are mixed in butyl alcohol and reacted.58 Such 
resins are ‘used as colourless, hard, rapid stoving lacquers. 

An alkyd comprising castor oil, phthalic anhydride and glycerol is 
dissolved in butyl alcohol. Urea and paraformaldehyde are added and 
the mixture refluxed. The resultant resin may be used with nitrocellu- 
lose. Unmodified alkyds with urea-formaldehyde yield hard products, 
whilst castor oi] modified alkyds yield pale flexible resins.?9 

Vinyl Compounds.—Vinyl modified alkyds are recorded." The 
condensation of polyhydrie aleohols and polyearboxylio acids with 
monobasic acids having more than six carbon atoms is conducted in the 
presence of polyvinyl acetate, propionate or butyrate. 

Phenol Formaldehyde Resins—Another very useful modification 
of alkyd resin, which is gradually assuming some popularity, is the 
incorporation of phenol formaldehyde resins. Glycerol phthalate mono- 
ester is prepared from glycerol and phthalic anhydride ; rosin and linseed 
oil fatty acids are then added, followed by a cresol-formaldehyde product. 
Linseed oil is added finally and the mixture heated at 280° ©,72 

A similar resin suitable for use in lacquers is made as follows : glycerol 
and phthalic anhydride are first condensed at 160°-170° C., rosin and 
linseed oil fatty acids are then added. Finally, œ reaction product of 
m and p-cresol with formaldehyde is ineorporated.??. 

A cresol-formaldehyde product is added to molten rosin, Phthalic 
acid and glycerol are added and the reaction completed at 270°C. A 
. tough resin soluble in aromatio hydrocarbons is obtained.“ Megson . 
and Holmes 75 heat all the ingredients, glycerol, polybasic acid, ‘phenol | 
and paraformaldehyde together to form œ resin. Rosin, phenol, and 
phthalic anhydride are heated together at 110° C., formaldehyde is then 
added followed by further heating. Glycerol-is added to esterify the 
acidity and a resin soluble in vegetable oils and suitable for use with 
nitrocellulose results.?¢ 

Glycerol.and a drying oil are added to a preheated blend of wood oil 
and phenol- formaldehyde resin, and the whole heated until homogeneous. 
Phthalic anhydride is added and the heating continued."? 

An alcoholic solution of sulphuric acid is added to phenol formalde- 
hyde- alkyd lacquer to accelerate the hardening. The curing of alkyd 
resins is greatly facilitated by the addition of small amounts of phenol- 
formaldehyde. resin.78 


The Manufacture of Alkyds 


Methods used for the manufacture of alkyds vary considerably. 
The plant most commonly used comprises a large. pot which is either 
aluminium or stainless steel. The pot will be fitted with a mechanical . 
stirrer, capable of agitating the reaction mixture gently from the bottom. 
upwards, Gentle’ agitation results in: more tepid heat ‘transterérioe, 
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with economy ih fuel, less local overheating causing decomposition with 
loss of colour or excessive polymerisation, and less risk of fire. Methods 
of heating include coke, oil, gas or electrical immersion heaters. The 
pots may be totally enclosed except for charging hatches orto permit 
introduction of stirring gear, ete. The plant’ is constructed to permit 
‘the intreduction of a carbon dioxide supply tube as well as to include 
& "draw-off" The "draw-off" may pass into air-eóoled condensers 
for trapping volatilised phthalic anhydride. This is collected and used 
again. An improved method for collecting volatilised phthalic anhydride 
has been described,?" in which the deposition of phthalic anhydride in 
the outlet pipe from the pot is prevented by. keeping this pipe hot. 
After passing through the hot pipe the vapours pass into à collecting 
vessel and from thence ta a contact spray condenser. The phthalic 
anhydride is pumped away ag a sludge, Glycerol which is volatile in 
steam may also tend to distil over, especially if the reaction is conducted 
at high temperatures. Plant design may minimise this, although an 
excess of glycerol can be introduced initially and any glycerol distillate 
can be used again. It is frequently necessary to discontinug the reaction 
abruptly to avoid over -polymerisation of the reactants and this may be 
accomplished either by running or pouring off the hot resin into a tank 
containing cold solvent, fitted with a stirrer, or to immerse the reaction 
pot and contents in a large bath of cold water. 

" Riddle ?* has, however, emphasised that the production of alkyds 
of uniformly good quality is a difficult procedure from simple equip- 
ment. An improved method of heating, which is of recent development, 
is by the circulation of hot vapour. The Dowtherm system is typical, 
and is claimed to be especially satisfactory for the manufacture of alkyd 
resins, 100 The range of temperature which may be covered by this 
method is from 2007-400? C. Among the many advantages of heating 
by the condensation of Dowtherm vapour, is the avoidance of local over- 
heating. The whole of the heating surface is subjected to a single 
definite temperature.- General overheating is prevented by controlling 

' the temperature of the Dowtherm. Absence of local overheating results 
in more homogeneous polymerisation, and a more certain end-point, 
besides producing a substantial reduction in loss of phthalic anhydride. 
The Dowtherm is vapourised in a gas or oil fired boiler, and the 
vapour condensed in the jacket or coils of the reaction vessel. Pressures 
developed in the system. are low, for at 320°C. the boiler pressure is 
only 35 Ib. per square inch. Dowtherm has an atmospheric boiling- 
point of 258°C. For reaction temperatures below 240? C. the boiler 
is run generally at slightly above atmosphéric pressure, and control 
is exercised by regulating a valve. Where substantially lower tempera- 
‘tures are required, the whole heating system can be run at reduced pressure. 
Good temperature control of the Dowtherm is obtainable in this system, 
'by means of a thermostat at the boiler, and it is easy to control tem-. 
peratures to within + 2°C. Where large plants are in operation the 
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maximum temperature variation of the reaction vessel will have evened. 
out to £0-5° C. The system as shown in the diagram includes a water 
cooler. It is thus possible to cool the reaction vessel rapidly as required. 
‘Rapid cooling is obtained by cireulating cooled liquid Dowtherm in the 
jacket, The vapour and condensate valves are closed, liquid inlet and 
outlet valves opened, water is turned on the cooler, and the circulating 
pump started. 

The methods of conducting the reaction for the formation of allyds 
vary considerably, For unmodified alkyds containing only glycerol 
and phthalic anhydride the two reactants may be mixed and reacted 
by heating. When the reaction has reached a convenient stage it is 
discontinued and the resin dissolved in solvents, After glycerol and 
phthalic anhydride have been reacted by heating,.a reduced pressure 
(2 inches Hg} is used to remove uncombined reactants. It is claimed 
that the extent of the reaction may be estimated by measuring the 
amount of water generated 5° 

Glycerol and phthalic anhydride ate heated until gelation begins, 
when a high boiling dialkyl ester of an organic acid is added and the 
heating continued further.24 An alkyd with controlled polymerisation 
is obtained by reacting glycerol and phthalic anhydride until a powder- 
able resin is obtained. The powdered resin is then polymerised further, 
by heating in a rotating drum at 100? C. with the temperature rising to 
200? C. or above. Resins of low acidity are made by dissolving the 
reaction product of glycerol and phthalic anhydride in a suitable organic 
solvent and neutralising with mild alkali. This causes the precipitation 
of a ‘resin with an acid value of zero and the formation of the sodium salt 
of phthalic acid, The resin, soluble in alcohol or acetone, is obtained 
by evaporating the solvent under reduced pressure. When the reaction | 
between glycerol and adipic acid is partly complete the product may 
be neutralised with ammonia and heated further. 

For oil modified alkyds where the ingredients are fatty acid, glycerol 
and phthalic anhydride all three ingredients may be heated together, 
Resins containing organic acids other than phthalic. acid are made by 
the same method, for example, glycerol, phthalic and maleic acids with 
fatty acids are reacted together.95 Rosin, phthalic anhydride, masticated. 
‘Congo copal and glyceral, on heating for thirty minutes at 230? C. are 

. claimed to yield an oil-soluble resin.99 A naturalresinous hydroxy acid 
contained in a soluble masticated Congo copal, is reacted with a poly- 
hydric alcohol, a non-hydroxy monobasic carboxylic acid and a. poly- 
basic carboxylic acid to yiéld a good durable resin.5" Coconut oi fatty 
acids, stearic acid, phthalic anhydride and glycerol are reacted.in an 
atmosphere of carbon dioxide or nitrogen at a maximum temperature 
‘of 250° CG. A resin soluble in toluene or butyl acetate, with softening 
point ‘of 64°C: and acid value of 22-is obtained.®* Fatty acids from 
linseed, soya bean, tung, perilla, poppyseed, castor, olive, sesamé, colza:’ 
or Japan fish oil are heated at 230* C. for twenty hours with phthalic 
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anhydride, glycerol and maleic, malic, succinic, or fumarie acids, The 
resultant resin ig miscible with drying oil and aromatic hydrocarbons. 
It is claimed, moreover, that if the percentage of fatty acids is kept low 
the resin is miscible with nitrocellulose also.8? Soluble lacquer resins 
are made by reacting a monocarboxylic acid, a polycarboxylic acid and 
a polyhydric alcohol in xylene at 2307-280? C. under prossure.99  Esterifi- 
cation of distilled polymerised fatty acids and phthalic anhydride with 
glycerol is recorded,” 

Another method of manufacture is to heat first some of the ingredients 
and when this reaction has progressed to a convenient stage to add the 
remainder and continue the process. Oleic acid, phthalic anhydride and 
glycerol are condensed at 280° C., more glycerol and phthalic anhydride 
added and the reaction continued at 230° C. The resin obtained is soluble 
in aromatic hydrocarbons, turpentine and vegetable oils, A similar 
„product is obtained by heating olein, phthalic anhydride and glycerol 
at 200° C. for several hours. More glycerol and phthalic anhydride are 
added and the heating continued at 190? C.9 

An oil soluble resin is made by heating part of the phthalic anhydride 
with glycerol and linseed, oil fatty acids for several hours. The rest of 
the phthalic anhydride is added and the reaction continued.” 

An infusible glyceryl phthalate product is first formed and this is 
reacted with a glycerol ester containing free hydroxyl groups. The 
glycerol ester is derived from vegetable oil fatty acids, phthalic and 
abietic acids,*4 

When a vegetable oil is a resin component ita incorporation may 
cause substantial adjustments in procedure, although it may be reacted 
as such with the other components, without preliminary treatment, 
At room temperature, glycerol, linseed oil fatty acids, drying oil and 
phthalic anhydride are allowed to combine to form a homogeneous 
mixture. On heating a resin is produced.™ 

The drying oil and phthalic anhydride may be heated. until the 
blend is homogeneous when the glycerol is added and the process con- 
tinued.®® In a similar process phthalic anhydride and linseed oil are 
heated under reflux at 270?-300? C. after which glycerol is added." A 
resin is made from phthalic anhydride, glycerol, diethylene glycol and 
coconut οἱ].38 

The condensation of polyhydric alcohols and polycarboxylic acids is . 
conducted in the presence of stearic or oleic acids. The product is ` 
heated with small quantities of drying oils. Larger amounts of drying 
. oil are added and the whole maintained at 270? C., until ester interchange o 

is complete. Hard, air- drying, tack-free varnishes are dlaimed. a 

It is difficult to produce resins containing tung oil which are free from . 
. Webbing tendency.  Àn oilsoluble resin from tung oil is “yecorded.i09 "| 
Polybasie aliphatie acids like maleio, fumaric, maálic and. sutoinic acids. > 
are reacted with phthalio acid, vegetable oil fatty acids and glycerol in e 
the presence of tung. oil. Colo 
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Resins of good dielectric strength, suitable for insulating varnishes, 
are made by heating abietic acid, glycerol, phthalic anhydride, linseed 
' oil fatty acids, and ethylene glycol, under reflux for thirty minutes at 
1155 6. Wood oil is added in four lots. Finally, succinic acid is added 
‘and the heating continued. Subjection of the resultant product to a 
- vacuum distillation removes excess glycerol.i? 

The most popular method of introducing vegetable oils, such as linseed 
oil into alkyd resins, is by first preparing their monoglycerides and con- 
densing these with the other normal resin components. The introduction 
of vegetable oils in the form of their monoglycerides is also probably 
the most satisfactory method of incorporation. 

Monoglycerides are generally prepared by heating the vegetable oil 
with glycerol at elevated temperatures (270°-290° C.) with or without 
the aid of a catalyst. 

On heating wood oil or rubberseed oil with glycerol in the presence 
of caustic soda the respective monoglycerides are formed. These are 
reacted farther with more glycerol and polyhasic acid.‘ Glycerol and: 
_ castor oil are heated together in the presence of caustic soda and the 
product heated further with phthalic anhydride.1% 

Monoglycerides from soya bean, oil : are produced under the catalytic 
effect of calcium glyceroxide 10 

A resin miscible with stand oil is made by heating a drying oil and 
glycerol to form a glyceride, adding phthalic anhydride and continuing 
the heating.5 Wood oil monoglyceride is reacted with phthalic acid : 
to form a resin. An improvement is claimed if the monoglyceride is 
blended with ester gum before condensing with phthalic acid1°* Mono- 
glycerides may be prepared from drying oil fatty acids and glycerol. 
They are condensed with polybasic acids and drying oils to form a resin,107 
A partial reaction is conducted between phthalic anhydride and glycerol, 
|. & drying oil monoglyceride is added and the condensation completed. 
The partial ester of glycerol and phthalic anhydride is etherified with 
the product of alcoholysis of rape or linseed oil with glycerol!98. | 
^. Monoglyceride is produced. by heating an oxydised drying or semi- 
drying oil with a. polyhydric alcohol in the presence of a catalyst. 
Polybasic acid is added and the reaction continued. The resultant resin - 
is heated in solution with à product of urea and formaldehyde.!9? 

_ An ingenious Russian method for the production of alkyds is based 
on the use of phthalic anhydride in vapour form. The mixed mono- and . 
the diglycerides of linseed oil are first prepared by heating linseed oil 
(45 pts.) and glycerol (21 pts.) ih the presence of litharge (0-5 pts.), at 
240° C. for forty-five minutes with constant stirring. -Vapours of phthalic 
anhydride are passed through the hot mixture for two hours. Evidence 
is lacking, but if the reaction is complete after this treatment, it offers- 
substantial advantages over the usual method using solid anhydride, 
with respect to saving of processing time. 

Alkyds produced from monoglycerides usually air dry more rapidly 
than resins of similar composition derived from fatty acids. 
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Castor oil is a common constituent of alkyd resins. The fact that it 
contains hydroxyl groups capable of esterification with acids makes it 
a very useful constituent. Products from the interaction of castor oil 
and phthalic anhydride make plasticising resins especially suitable for 
use with nitrocelinlose. An acid ester is made from phthalic anhydride 
and glycerol. After the addition of casior oil the healing is continucd. 9? 
Castor oil, glycerol and phthalic anhydride are heated together at 280? C. 
In the meantime a product of glycerol and phthalic anhydride is prepared 
and this, with calcium resinate, is added to the castor oil-glycerol-phthalic 
anhydride product and the whole heated at 180°-200° C. to form a resin. 

Catalysis for Alkyd Formation. —NMany catalysts have becn suggested 
for use in the manufacture of alkyd resins, some with the object of 
facilitating the reaction but others to have additional influences, such as 
preserving colour, etc. It is claimed that the reaction between phthalic 
anhydride and ethylene glycol is assisted by presence of sulphuric acid, 
bismuth subcarbonate, basic euprous carbonate, cobalt, lithium, man- 
ganese, barium and cadmium carbonates and calcium, beryllium, copper 
and lithium nitrates. 112 

Zine chloride and phosphoric acid are other catalysts suggested to 
aid resin formation. A water-resistant resin is obtained by reacting 
glycerol, phthalic anhydride, drymg oils and their acids together in the 
presence of litharge. . 

The use of litharge as a catalyst is elaborated elsewherc where phthalic 
anhydride, glycerol and/or ethylene glycol, and linseed, soya bean, perilla, 
wood oil or menhaden oil or their acids are condensed in its presence. t3 

Ethylene glycol (one molecule) and phthalic anhydride (one mole- 
cule) are heated together at 1107-150" C, in the presence of 0-00025- 
0-00035 per cent of copper carbonate. 4 

The presence of 0-002 per cent copper as a copper compound, based 
on reactants, during the condensation of glycerol and phthalic anhydride 
is claimed to yield alkyds with low acid values. 

The presence of copper salts is said Lo promote decarboxylation with 
consequent loss of carbon dioxide and generation of benzoic acid. Under 
these conditions resins rich in tung oil can be produced without risk of 
gelation and with low acid values.™4 

A resin suitable for use with nitrocellulose is derived from the reaction 
between oleic acid, phthalic anhydride, and glycerol in the presence of 
ammonium bisulphate,4> Metallic oxides, metals or mineral salts are 
suggested as catalysts for the reaction between polybasic acids and 
polyhydrie alcohols.144 

The condensation of polybasic acids (phthalic anhydride) and poly- 
hydric alcohols (glycerol) is facilitated by heating the reactants at 260° C, 
in the presence of boric acid, boric acid esters, or B0117 

Concentration of Ingredients and Speed of Reaclion.—Excess glycerol 
or phthalic anhydride reduces the speed of polymerisation of an alkyd 
resin, and the effect of excess glycerol is more pronounced than the effect 
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of excess phthalic anhydride. 8 Excess phthalic anhydride also tend& 
to precipitate out on storage causing seediness aud sometimes has an 
inhibiting effect on dry. 

Maintenance of Colour —The formation of coloured bodies in resins 
produced by condensation and polymerisation, and destructive effect of 
light upon them is prevented. by adding a number of inorganic bodies 
to the reactants. Amounts of the additions vary from 0-0005 per cent 
to 0-05 per cent. The inorganic compounds include carbonates of cobalt, 
lithium, manganesc, cadmium and barium, a basic copper carbonate 
[Cu4(OH),CO4], bismuth subcarbonate, nitrates of calcium and lithium, 
acetates of sodium, copper and manganese, hydroxides of cobalt, beryl- 
lium, copper, thorium, or finely divided metals including cobalt, silver 
and cadmium H? Formation of coloured bodies in oil modified alkyds 
is prevented by the addition of oil soluble organic esters of phosphorous 
acid to the reaction mixture.?9 Tf citric, tartaric or oxalic acid to the 
extent of 0-1 to 0-5 per cent by weight of the total ingredients is added 
to an alkyd resin at 200° C., in the latter stages of its formation, a bleached 
product is claimed. Care should be taken in making such additions 
since considerable frothing may occur? 

Production of Resins of Low Acidity—Resins of low acidity are pro- 
' duced by modifications in method, Alkyds derived from polybasic and 
monobasic acids with polyhydric alcohols are dissolved by warming 
in methyl or ethyl alcohol. On cooling or by the addition of a precipitant, 
a rosin of low acidity free from unreacted components or low molecular 
weight products is deposited. A resin derived from phthalic and 
citrie acids, with glycerol, is dissolved in à mixture of benzene and alcohol. 
The addition of more ethyl alcohol causes the separation of two layers. 
Low molecular weight products together with unreacted components 
are removed in one layer and a resin of low acidity generated from the 
other, 123 

Works Control of Alkyd Manufacture —Works control of the manu- 
facture of alkyd resins is based on the determination of certain constants 
. and their comparison with similar constants of a standard laboratory 
made.resin. A popular method of control is to dissolve the works’ resin 
` in a given quantity of solvent and to compare the resultant viscosity 

with that of a standard resin thinned similarly. When both viscosities 
are identical, the reaction is. discontinued, Check tests may be made 
by. the determination of acidity, but this procedure may be deceptive. 
Apart from any free acid present, acidity may be due to carboxyl groups 
actually present in resin molecules. Bhattacharya has suggested that 
_the course of the reaction is best followed by the determination of 
: hydroxyl values.! 


Comparison of Alkyds and Natural Resins 


Kolke !?* claims superiority of alkyds over natural resins for the 
following reasons : ` Firstly, the constancy of quality which is obtainable ; 
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secondly, the low losses incurred in manufacture and finally the simplicity 
in use, for alkyds do not require any complicated heat treatment for oil 
blending if the correct type of alkyd is chosen. 


Classification of Alkyds 


From the varnish maker's point of view, alkyds may be divided into 
the following groups: unmodified glyceryl phthalate resins, drying oil 
modified resins, non-drying oil modified resins, natural resin modified 
resins and synthetic resin modified resins. Kolke 14 has suggested another 
classification ; alkyds for air-drying varnishes, compatible with stand 
oil, natural and synthetic resins, alcohol and zine oxide; alkyds for 
baking varnishes yielding hard glossy films with similar compatibility 
to the air-drying alkyds; and alkyds for use with nitrocellulose. 


Unmodified Alkyds 


Properties —Unmodified alkyds are the least popular of the range 
probably by reason of their relatively poor solubility, necessitating the 
use of expensive solvents. A resin solution derived from glycerol and 
phthali¢ anhydride may be baked on to chromium plated steel to form a 
film which is capable of removal and application to any other surface 
without baking. Another use for unmodified alkyds is as adhesives. 


Drying Oil Modified Alkyds 


Properties —Drying oil modified alkyds are those resins capable of 
drying by oxidation, particularly in the presence of the common drying 
: metals, 

Solubility.—The longer oil type are soluble in aliphatic hydrocarbons, 
but as the fatty acid content diminishes stronger solvents are necessary 
to effect solution ; turpentine-white spirit mixtures, turpentine, and 
mixtures of these solvents with aromatie hydrocarbons (xylol and 
naphtha), or aromatic hydrocarbons may be used, in this order, as the 
fatty acid content diminishes. Fawcett claims that solubility. increases 
with degree of saturation of fatty acid constituent. ®® Among the out- 
standing properties of air-drying alkyd resins may be included. the 
following. 

Yellowing.-—They have less tendeney to yellowing than natural resín 
varnishes. If the oil or oil constituent present is at least partly soya 
bean or dehydrated castor oil, varnishes can be formulated, with excellent 
colour retention. Further, the introduction of walnut oil: fatty” acids 
_ is claimed to yield light stable resins, as is also the incorporation of 
' organio peroxides.i?" 

Durability.—YThe durability: of air drying alkyds. is outstanding. 

` It is vastly. superior to that of the ordinary oled-resinous varnish nnd. 
generally superior to that of pure phenolics with wood oil... Variation 
of durability with: oil length is not 80 marked : with. alkyd varnishes 28 
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with other types. Siddle! states that over the range of 30 to 65 per 
cent of drying oil no substantial difference in durability is apparent, and 
this is confirmed by the author’s own experience. Gloss retention is 
better with alkyds than with oleo-resinous varnishes. The gloss of 
alkyds is maihtained if an oxidation inhibitor such as guaiacol is present.18 

The flexibility of alkyds is greater than that of oleo-resinous varnishes 

of similar oil Jength. On the assumption that oil length, within certain 
limits, is the criterion of durability, an explanation is obtained which 
“accommodates the superior durability of alkyds. Another important 
factor is that alkyds retain their flexibility on ageing. Biddle! makes 
an interesting claim that a linseed oil alkyd (85 per cent oil) has better 
durability than an oleo-resinous varnish (75 per cent oil), and a dry equal 
"io that of a very short oil varnish (15 per cent oil). He also accounts 
for the outstanding durability of alkyds by pointing out that they are 
highly polymerised complex bodies with a close-knit structure and 
consequently they are not so susceptible to degradation by atmospheric 
oxidation as ordinary polymerised or unpolymerised oils. German 
workers have stressed the point of oil economy in alkyds whilst still 
retaining excellent flexibility. 

Drying The drying of alkyd resins is interesting, They attain the 
surface dry condition rapidly but take considerably longer time to harden 
right through. This explains one of their defects in that they are very 
prone to rivelling if applied in abnormally thick coats. Further, the 
fact that films do not harden through rapidiy means that successive 
coats of the same varnish applied over each other tend to soften the first 
~ costings and stimulate rivelling. The rivelling tendency is exploited 
in rivelling enamels, The tendency to rivel may be minimised by the 
introduction of lead drier in addition to the cobalt, but this produces 
another defect in that turbidity of the varnish rapidly occurs. Although 
' addition of fractional percentages of benzoic acid is claimed to obviate 
precipitation of insoluble lead compounds its effect is only temporary. 

Slight turbidity of varnish due to lead drier appears to be tolerated by 
‘most varnish manufacturers. Filtration of the turbid. varnish results 
‘in only temporary success for the turbidity develops again on ageing. 
Experiments have shown that the turbidity is not harmful in detracting 
. from gloss or durability of the dried film. Cerium driers can be used in 
place of lead to minimise rivelling. tendency, and whilst no insoluble 
cerium compounds are precipitated from the varnish on ageing, darker 
varnishes which yellow on exposure are obtained. The use of cerium 
is not popular. 
Attempts to accelerate the rate of drying of alkyds by the introduction 
Z. of wood oil-have-not been very successful, for wood oil in alkyds seems 
‘to be unable to exert its customary drying power. Neither does the.. 
introduction of dehydrated castor oil into the resin moleeule produce. 
any substantial improvement in dry. It has been stated that drying 
oils which polymerise slowly on heating show the greatest improvement. 
in dry and hardness of film when incorporated into alkyds.? | 
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When alkyds dry slowly they exhibit, sometimes, a distinct tendency 
to web or “ crow’s-foot,” although only linseed oil constituents may be 
present. When wood oil or dehydrated castor oil or their constituent 
fatty acids are introduced into an alkyd resin it is difficult to obtain a 
varnish free from webbing tendencies. This characteristic makes alkyds 
& popular basis for crystallising enamels. 

‘Water Resistance.—An outstanding defect of alkyds is their low water 
resistance. Normal dried films absorb several per cent of moisture on 
immersion, The introduction of wood oil or dehydrated castor oil fatty 
acids effects appreciable improvement in water resistance. Scott 9 
claims that after stoving, alkyds show better water resistance tham oleo- . 
resinous varnishes. The water resistance of alkyds is improved if free 
hydroxyl groups are reacted with a ketene.190 

The introduction of large amounts of lead. oxide into alkyd resins is 
claimed to improve water resistance also.??! 

Brushing Properties.—Alkyd resin varnishes do not brush so ) easily 
or. flow out so well as other types of varnishes, especially on large sur- 
faces. These defects are noticeable as a very strong pull on the brush 
and the tendency to retain brushmarks. 

The introduction of flow-inducing agents .like decalm, dipentene or 
pine oil is a common procedure. Reduction of viscosity of the varnish 
does much to minimise these troubles, but since alkyds require abnormal 
amounts of thinners to obtain normal varnish consistency, further 
reduction of viscosity by additional amounts of thinners results in poor 
films, with inferior gloss and. protective power. 

Stoutening on. Ageing. —Alkyd resin varnishes show a definite tendency > 
to stouten on ageing. Since these varnishes are normally prone to 
rivel, the increase in viscosity increases the. possibility. .The trend, 
therefore, to minimise this defect, is to employ the strongest solvents 
‘consistent with retention of other properties and to keep viscosities as 
low as possible initially. 


Uses 


Uses. —Alkyds are exploitod i in stoying lacquers and enamels, especi- 
ally where discoloration is to be considered, This includes their in- 
corporation in silver stoving varnishes and pale finishes for natural and 
artificial silk. In pale stoving enamels alkyds are very popular. After 
stoving, alkyds yield films with high dielectric strength and for this reason 
they form the foundation of many impregnating insulating varnishes. 
‘for-the manufacture of tape. An essential feature of alkyd varnishes 
for application to silk or cotton fabric is the ability to ‘recover to the 
original film state without exhibiting permanent crease-marka, after 
‘erushing of the treated fabric. Permanent crease marks indicate rupture 
of the film and lack of. adhesion of the film to the fabric. These are 
potential sources of electrical breakdown, Alkyd resins, by, reason, of 
their excellent flexibility and adhesion to the fabrie, show high diclectrio 
strengths after crushing. | ἽΝ 
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An air-dried alkyd film is very resistant to solvents, including alcohol, 
petrol and lubricating oil. Furthermore, if carefully formulated, they 
may form the basis of air-drying finishes resistant to liquid war gases 
such as mustard gas. Stoved films are more resistant- to solvent action 
than those merely air-dried. 

Alkyds provide excellent media for the modern synthetic enamels 
with rapid dry and outstanding durability. Their complex structure 
aids in maintaining the pigments in suspension with minimum settling. 
Alkyds are claimed by Wulf to be free from chalking tendency.* This 
statement is not generally true for titanium dioxide, a notorious pigment 
for inducing chalking, does so also with alkyds. A mixture of antimony 
and titanium oxides is suggested to obviate this defect! 

Alkyd enamels incorporating lithopone may liver. This can be 
eliminated if the material soluble in acetic acid is reduced to less than 
0-05 per cent. 

Both chrome orange and zine oxide may liver with all but alkyds of 
low acidity. Highly polymerised allyds may gelate with Prussian blue 
but the addition of salicylic acid is claimed to overcome gelation All 
carbonate pigments react with alkyds with evolution of carbon dioxide 
on storage.4 
.  Alkyds form the basis of very satisfactory anti-corrosive primers for 
use on metals such.as steel, iron, or zinc. They are eminently suitable 
where adhesion. problems have to be solved. The best pigments to use 
are zing and basic lead chromates or red lead.355 

Tho shorter variety of alkyds are used in stoving lacquers ‘and 
enamels or as resin plasticisers for cellulose lacquers. 


Non-Drying Oil Modified Alkyds 


Properties and Uses —Alkyd resins modified with non-drying oils 
are used primarily as plasticisers in stoving finishes, particularly with 
urea formaldehyde resins or as plasticisers for cellulose lacquers. Whilst 

they show only slight inclination te harden on heating the addition of a few 
. per cent of urea or melamine formaldehyde resin yields hard, tough films if 
the temperature of stoving is in excess of 220° F; These films have out- 
-standing hardness, depending upon the percentage of urea resin present, 
are very resistant to solvents, and retain a very pale colour even when 
the temperature of stoving is high (8007-350? E.) Water resistance of 
these films is not very high due to the presence of the urea formaldehyde 
resin. 
' "These alkyds (based on non-drying oils) are useful as the basis of 

non-drying adhesives. 


. Natural Resin Modified Alkyds 


OPR voperties and. Uses-—Many attempts have been made to modity 
alkyd resins by the addition of natural resins both during the actual - 
formation of the resin which has been indicated already or. by simple 
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addition to the alkyd subsequently. These modified resins are chiefly 
of the rapid air-drying or stoving types. Normally, incorporation of 
natural resin is to improve gloss, hardness and speed of dry. Whilst the 
introduction of rosin is stated to improve the solubility of alkyds in 
aliphatic hydrocarbons, the addition of other resins necessitates the 
‘use of stronger solvents if these resins are present during the initial 
reaction, Stock 8° asserts that alkyds generally need the addition of 
natural resins to obtain the best results. Addition of copal ester yields 
varnishes of good flexibility if the extent of the addition is limited. 
Good gloss is obtained but dry and hardness are not substantially 
improved. | 

A resin made from phthalic anhydride, glycerol, linseed oil and linseed 
oil fatty acids is blended with rosin, Congo copal or phenol formaldehyde 
resins by heating to effect solution?" . 

Most references to additions of damar comment favourably on its 
effect. Stock 4° claims that excellent varnishes are obtained. Marshall 
and Skett!?? have conducted experiments with alkyds and damar 
mixings. 

Synthetic Resin Modified Alkyds 


Properties and Uses —The last group of alkyds to be considered are 
the synthetic resin modified alkyds. The influence of urea formaldehyde 
resins has been indicated already. Phenol formaldehyde resins may 
be incorporated in alkyds by promoting their formation from their in- 
gredients in situ simultaneously with the alkyd reaction; by adding 
phenol formaldehyde resin to a completed alkyd resin or by blending 
an alkyd varnish with a phenol formaldehyde varnish. Considerable 
difficulty may be experienced in introducing the so-called oil-reactive 
pure phenolics into alkyds by heating. Much frothing oecurs and 
polymerisation proceeds rapidly. Only small percentages of phenolic 
can be incorporated by this method, ie. 5 to 10 per cent calculated on 
the alkyd, if risk of gelation is to be avoided. The addition of phenolic 
resin does improve the “ through dry ” of the alkyd although the surface 
| drying time is appreciably retarded. The addition of phenolic resin 
_also improves the chemical resistance but durability shows no substantial 

improvement. The great increase in the degree. of polymerisation 
consequent. upon the incorporation of phenolic resins results in the 
necessary addition of excessive amounts of thinners to, obtain normal 
varnish viscosity. This in turn results in poorness of film. From the 
aspect of air-drying varnishes or enamel media the best method. of 
blending alkyds and phenolics is described in the section on phenol 
formaldehyde resins. 

The addition of maleic resins to alkyds, more particularly for stoving 
finishes, by. dissolving by heating or by blending with a solution of maleic 
resin in a solvent, is adopted primarily to yield harder films. Maleic `.. 
resins are themselves quite hard and with alkyds they yield films. with 
little tendency. to: discoloration on stoving. | 
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PHENOL FORMALDEHYDE RESINS 
UNMODIFIED RESINS 


General Reaction between Aldehydes and Phenols-——Baeyer showed 

that the reaction between phenols and aldehydes is a general one, and 
much work since completed is of academic interest only. Resins have 
been made from phenols such as pyrogallol, resorcinol, orcinol, phenol 
and «-naphthol by reaction with benzaldehyde. Similar reactions have 
been conducted with formaldehyde.? Acetaldehyde has been reacted 
with phenol and resorcinol, and ‘salicylaldehyde with phenol. Other 
aldehydes. used include butyraldehyde, vanillin, oils of cassia and 
cinnamon, and acrolein. Of all the reactions studied there are only a 
relatively small number which have found favour commercially. These 
are recorded later. 

Condensing Agents.—Many different condensing agents which facilitate 
the reaction have been patented. They may be divided roughly into 
two main classes based on alkalinity and acidity. In the former class 
are included compounds of ammonia (carbonate, hydroxide}; com- 
pounds of sodium (hydroxide, cyanide, acetate, sulphide, borate, phos- 
phate, alcoholate, formate, aluminate, tungstate, zincate, salicylate) ; 
compounds of potassium (hydroxide, carbonate, acetate, cyanide, sulph- 
ide); hydroxides of calcium, barium, strontium, copper, and aluminium ; 
lead oxide. Orgenie compounds including urea, guanidine carbonate, 
dithiocarbamates, aniline, dimethylaniline, pyridine, amino phenols, 
methyl amino phenols, hydroxyquinoline, acetanilide, furfuramide, and 
hydrobenzamide, have been used, as well as hexamethylenetetramine . 
and its salts, and hydroxylamine and hydroxydiphenylamine. ‘Holmes. 
- and Megson ® have studied the effectiveness as condensing agents of a 
further range of amines, and yet a further list are included in B.P. 302,609. 

Among the. acidic condensing agents are acids such as hydrochloric, 
sulphuric, tartaric, oxalic, acetic, phosphoric, boric, formic, citric, lactic, 
gallic, tannic ; organic acid chlorides (acetyl chloride, benzoyl chloride); 
benzyl chloride; sulphuryl and sulphur chloride; phosphorus penta 
and oxychloride ; esters of sulphuric acid ; hydrogen sulphide ; sulphur 
dioxide; acidic alkyd resins; and a number of salts including sodium 
sulphite, potassium bisulphate, aluminium chloride, nitrate, and sulphate, 
lead acetate, and chlorides of zinc, iron, and ammonium, Other 
_ condensing agents include zinc and lead dust, zino oxide ; * chlorides of © 
zirconium, calotum and tin(ous); bromides of sodium and potassium ; 
aluminium acetate; and the tartrate, citrate, and lactate of titanium! 

Reactivity of Various Phenols.—Holmes and Megson è have shown 
‘that. p-cresol, phenol, o-cresol, m-cresol and sym-xylenol react in this 
order with xylenol the most reactive using trimethylamine as a catalyst. . 

Constitution of Phenolic Resins.-Condensation with aldehydes occurs. 
at positions para and. ortho to. the hydroxyl group of the phenol. - 
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- Baekeland considered that the reaction took place in three stages, A. 
product A is first formed and this may be liquid or solid. Further 
condensation yields product & which is an insoluble fusible solid. The ` 
final product C, obtained by heating B is an insoluble infusible solid. 
Many theories have been advanced to account for the constitution of 
phenol formaldehyde resins but such a discussion is beyond the scope 
of this book. The foundations for study can be found elsewhere.’ 

Ratio of Constituents and Effect on Resin Properties —The ratio of 
formaldehyde to phenol is said to have a marked influence upon the 
nature of the final product. Ruff® states that when the molecular . 
proportion of formaldehyde is greater than the molecular proportion 
of phenol the resin passes ta the C stage. When the proportions are 
reversed the resin is soluble and fusible. Baekeland has also stated 
that increase of formaldehyde produces infusibility.? 


CLASSIFICATION Or PHENOLIO EESINS 


A clear classification of phenolic resins is difficult. Broadly, they 
may be divided into two types—those which are soluble in drying oils : 
and those which are not. The latter type are soluble in alcohols. 


` CLASSIFICATION OF PHENOLIC RESINS . 


Phenolic Resins 





| 
Spirit Soluble 





Oil Soluble Unmodified. Modifiod 
| or pure with ` 
Dm rosin, ete. 
Unmodified . Modified 
. or pure . | 
Type I Type Il Type ITI Type I - II 


Short pro. Short pro- Prolonged Soluble Hard 
cessing, with cessing, with processing, at ambient grades, 


tung oil at heavily . with soft or low soluble 
compara, blown. soft Oils at tempera- at high 
tively low oils at very high tom- tures, tempera- 
temperatures. low tem- peratures. tures, 
peratures. ' ' 


| The oil-soluble phenolic resins may be further subdivided into the 

unmodified or pure types, and those which have been modified by the 

introduction of rosin, ester gum, drying oil components, ete. 

The unmodified resins may be specially designed for short processing. - 

with hard oils like tung oil at comparatively low temperatures ; for short: 
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processing with heavily blown soft oils at very low temperatures ; or 
for prolonged processing with soft oils like linseed, at or near stand. oil- 
making temperatures. The resins may be noticeably “reactive “ as 
evidenced by considerable frothing, or quietly “reactive ” as evidenced 
by an inerease in viscosity alone. The subject of-the~* reactivity ” of 
phenolic resins, is, however, considered in greater detail subsequently. 

The modified oil-soluble resins may be subdivided into two types : 
those which are readily soluble in drying oils at ambient or low tem- 
peratures, and harder grades which need careful cooking at high tem. 
peratures to effect solution. The former are usually soluble in aliphatic 
hydrocarbons and the latter only partly soluble or completely insoluble. 

The phenolic resins which are insoluble in or unsuitable for drying 
oils, but soluble in alcohols, again may be represented by two main 
types—those which are unmodified and pure, and those which contain 
large amounts of rosin. 

Composition of Oil-soluble Resins—From the varnish-making point 
of view only those phenolic resing which are soluble initially or which 
can be made soluble in oils by subsequent treatment are important. 

Oil-soluble resins can be made from the following combinations : 
1.3.5. iso-propyleresol and formaldehyde, 1.3.5 . methyl ethyl phenol 
and formaldehyde, both in the presence of oxalic acid; from furfural 
and phenols ; from tertiary butyl phenol, tertiary amyl phenol, p-cyclo- 
hexylphenol or p-cresol with formaldehyde in the presence of caustic 
soda; from m-cresol or sym-xylenol and acetaldehyde or paraldehyde ; 
from p-ethyl phenol and formaldehyde in presence of caustic soda; from 
eresol or xylenol and formaldehyde with ammonia; from p-tertiary heptyl 
phenol and formaldehyde in presence of caustic soda; and from amyl 
phenol and formaldehyde in presence of mineral acid. The fractions 
from crude xylenol are another source for the production of oil-soluble 
resins when condensed with formaldehyde in the presence of oxhlic 
acid. The fractions cited contain 2.4, and 2.5 xylenol (b.p. 210° 
218? C.); or 8.5, 3.4, and 2.3 . xylenol (b.p. 2167-229? C.) ; or 3.4. 
xylenol and 2.4.6.1rimethyl phenol?! (b.p. 2237-229? C.). Other 
phenols used in the manufacture of resins include p-cumylphenol, a«AA- 
tetramethylbutyl phenol, o- and p-chlorophenol, sym-dicthyl phenol, , 
m-ethoxyphenol, and m-hydroxypropyl phenol? Thymol, carvacrol, 
and p-phenylphenol yield resins which dissolve in wood oil on heating. 
The same author states that resins from phenol, o- and m-cresol, or the 
napbthols are insoluble in oils,4 although Aylsworth claims to have made 
an oil-soluble resin from. o-cresol and formaldehyde.14 

Oil-soluble resins can be made either with acidic or basic catalysts. 
Acid catalysed resins are sometimes described as Novolaks or resites ; 
alkali catalysed resins are known as resols. Substituted phenols yield 
resins which are more compatible in oil than resins from straight phenols,® 
and Hónel!5 emphasises that straight chain substituents have a greater 
influence on oil compatibility than branch chain substituents. 
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There are also naturally occurring substituted phenols which give 
excellent varnish making resins. Some are still in the process of assess- 
ment but cashew nut sheil liquid resins have now definitely established 
themselves as important resins. They are dealt with as à class in a 
separate section on page 193, | 

Reactivity of Phenolic Resins with Drying Oils.—Breuer 15 divides oil ^ 
soluble phenolie resins into two groups: (a) oil-reactive and heat- 
hardening, and (b) non-reactive and non-hardening. This classification 
is a satisfactory one if the extent of the truth of the description “ oil- 
reaetivity " ds clearly understood. It is in the first class that the un- 
. modified phenolic resins are found. 

Considerable controversy exists as to whether phenol formaldehyde 
resins react with drying oils on heating. On heating these resins with 
drying oils, water and formaldehyde are evolved and the mixture 
increases rapidly in viscosity, The extent of the “ réaction” has been 
measured by determining the amounts of water and formaldehyde evolved 
in comparison with that from the resin alone; or by following the 
increase in. viscosity of the mix after making some allowance for the 
natural polymerisation of the resin. “ Reactivity” is most evident 
with oils containing conjugated double bonds, such as wood oil and 
dehydrated castor oil. Blown oils are also reactive,"  Bodying occurs 
also with linseed and perilla oils although to not such a marked degree 
as with the oils previously mentioned. The speed of polymerisation 
is, however, greater than that of the natural oil. 

There is no disputing that the heat treatment of drying oils, par- 
ticularly those with conjugated bonds, with cortain types of substituted 
phenolic resins, produces profound physical changes. These are changes 
which do not occur either with ‘‘ non-reactive ” resins or with the oils. 
alone under the conditions of treatment. . 

Tt is a moot point whether these physical changes are the visible signs 
of a chemical reaction between the resins and the oils or not. Singer 
asserts that there is a greater reduction in double bond content by heating 
tung oil or linseed oil with an oil reactive alkyl phenol resin than bý heat- 
ing the oilalone. On these findings, he concludes that a chemical reaction 
at the double bonds has occurred. His theory is based on the assumption 
that methyl quinone is formed during the hardening of the resins, and 
that this reacts with the double bonds,*4 

Heat Hardening—The other characteristic of these resins is the 
hardening on heating, and this is evidenced by frothing and an increase 
in melting-point. Heat hardening appears to be influenced chiefly 
by the ratio of phenol to formaldehyde in the resin; and Hönel states 
that reduction of formaldehyde diminishes heat hardening capacity.1 
Hardening improves the chemical resistance. 

Incorporation of Phenolic Resins in Drying Oils —The. technique. εν 
employed in the incorporation of oil-reactive hbeat-hardening resins in : 
drying oils is practically the same for all resins of this class. They axe - 
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used to best advantage with wood oil or similarly constituted oils and 
the method is to heat the oil alone up to à temperature of 200°C. The 
resin which has been broken into small pieces is then gradually fed in 
with constant stirring. The temperature will recede to approximately 
180° C. and it should be maintained at this point until the resin has 
dissolved completely. Failure to provide adequate stirring means that 
the resin becomes overheated on the bottom of the pot and polymerises 
rapidly, ultimately yielding an insoluble gelled mass, in addition to 
promoting unnecessary darkening. 

The temperature is then gradually raised to 200° C. Too rapid heat- 
ing results in excessive frothing which may be difficult to control. The 
temperature is maintained at 200° C. until the frothing subsides. The 
mix is then heated. slowly to 240° C. when frothing recommences. After 
prolonged cooking at this temperature the frothing subsides again and 
cooking is then continued at this temperature or higher until it is deemed. . 
that the mix has attained sufficient body. This is usually indicated by 
a strong string from a cold glass plate. It is probably more essential 
with this type of varnish than any other to stir continuously throughout 
the heat treatment. If linseed oil is to be added it is best added as a 
stand oil after the reaction with the wood oil at 240? C. has subsided, 
or ag a chill back when the resin/wood oil mix has reached sufficient body. 
Tf the resin is à mixture of pure phenolic resin and ester gum or modified 
phenolic, the most convenient method of treatment is to process the 
pure phenolic with wood oil and to check back with the other resins. 

Some types of pure phenolic resin are especially suited for uae with. 
linseed or perilla oil alone, but the method of treatment is quite different 
from that with wood oil, With these oils the oil is heated initially to 
200° C. and the resin added. as before in small pieces, “When ib has dis- 
solved and after a preliminary treatment ab 200? C. the temperature 
is raised to 290° C. and maintained until a good body is obtained. This 
requires a time of half an hour or more depending upon the ratio of resin 
to oil. These combinations of resin and oil exhibit good drying properties 
and excellent water resistance. 

Shuey has studied the effect of various types of phenol formaldehyde 
resin on the bodying of oils, especially wood oil. He recorded that the. 
properties of this type of resin vary consideraebly9 Ruckert em- , 
phasises that raw wood oil is preferable for use with pure phenolics | 
to polymerised wood oil, by reason of easier dispersion and economy © 
in fuel.® 

_ Unmodified xylenol formaldehyde resins afe particularly ‘ reactive” 
with blown or oxydised drying oils and need special care, in handling. 
However, if solution is effected at low temperatures, with constant stirring, . 
oil-resin products are. obtained which possess valuable gelling properties. 

Hardening of Rosin and Ester Gum with Phenolic Resin —Pure phenolic - 
resins have the property of hardening rosin and ester gum. : One pa | 
Beokacite 1001. and three Parts | of. ester gum e after heating togethi 
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maximum temperature of 250? C. yield a resin paler than the ester 
gum with a melting-point of 140° C. and acid value of 11-4 (ester gum, 
m.p. 80? C.). Increasing the ratio of ester gum to Beckacite 1001 (4:1) 
results in much less frothing, giving easier control and a final product 
with a melting-point of 118? C. and acid value 14-1. The maximum 
melting-point 148° C. is obtained from a mixture of two parts of ester 
gum and one part of Beckacite 1001. Similar experiments with rosin 
showed that the melting-points of the resultant products were generally 
somewhat lower than the corresponding ester gum. mixtures (4:1, m.p. 
118 9 0.; 3:1, mp. 135?C.; 2:1, m.p. 145? C.) and that the acid 
values were higher, 134-1, 129:0, and, 114-0 respectively. Frothing 
occurred with the rosin mixtures but was much easier to control. 
Modified phenolics are obtained by the above means, and the products 
are quite soluble in drying oils, and compare favourably with proprietary 
modified phenolics which are claimed to be made by incorporating the 
modifying agent during the actual manufacture of the base resin. It 
is not possible to state that the modified phenolics produced by the 
two different methods behave similarly under all conditions, but there 
is no doubt that those prepared by heating pure phenolic resins and 
modifying agents as above often yield results comparable with the other 
. type, with the additional advantage that they are cheaper from the 
varnish maker’s point of view. This contention is supported by 
American workers, 20 


Properties - 


Durability —An outstanding feature of pure phenolics with wood oil is 
a durability probably surpassed only by that of .alkyds. Composition 
of the resin has an influence on the durability of the resultant varnish, 
for example, in short oil varnishes a p-hydroxydiphenyl resin yields 
more durable results than an alkali condensed p-tertiary butyl phenol. 
So-called oil reactivity is not necessarily a criterion of durability?! | 
Thomas and Marling suggest that phenols may have an anti-oxidant 
effect upon the ageing of oils which may contribute to the improved. 
durability with linseed oil. The influence upon durability of pure 
phenolics is so marked that they may be diluted with cheaper resins 
such as eater gum without serious detriment. Sprinkel claims that pure 
phenolic-natural ‘resin combinations have better durability than cor- 
responding ester. gum combinations.” When wood oil is the only oil- 
present durability begins to be lost when the oil-pure phenolic resin ratio 
falls below two of oil to one of resin. The best proportions are 24-3 of 
. Oll to 1 of resin. Although the greater part of the oil may be wood oil 
. &he addition of a little linseed stand oil is an advantage. Improved 
' durabiliby of, exterior paints is obtained after fortification with pure 
phenolio resin/4 Wood oil-pure ‘phenolic varnishes do not possess 
exceptional gloss. Varnishes rich in wood oil give hard films but lose 
gloss on exposure as the proportion of wood οἱ] is increased.2* 
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The addition of many resins to alkyds upsets their durability. Tf 
care is taken in their incorporation pure phenolic resins may be used with 
alkyds without detrimental effect upon durability, but with a satis- 
factory influence upon water and alkali resistance. Phenolic resin 
modified alkyds are discussed at greater length in the section on modified 
phenolic resins. 

Effect on the Drying of Oils—The effect of pure phenolic resins upon 
the dry of oils depends upon certain factors, among which may be in- 
cluded the type of resin, the presence of free phenol, and the method 
adopted for incorporation into oil, As already stated, certain resins, 
by heating with linseed oil at high temperatures (290° C.), provide 
varnishes with outstanding drying properties. Ulrich, however, has 
reported. that the addition of Beckacite 1001 to linseed-wood oil stand 
oil does not improve the dry,?’ although an improvement in water re- 
sistance was noticed. It is known that some phenols retard the dry of 
linseed oil whilst with wood oil the reverse has been reported,” Free 
phenol may be removed from phenol formaldehyde resins by solvent 
extraction. Solvents used include benzol, toluol, chlorinated hydro- - 
carbons, benzine, and ether,?8 

Influence on the Webbing of Tung Oil—An important property of 

` pure phenolics is that they make it possible to produce gas-proof varnishes 
from. wood, oil after relatively low temperature treatment. Oil-resin 
mixtures which are prone to web have this tendeney removed if about . 
10 per cent of the resin is replaced. by pure. phenolic resin. 

Water, Solvent and Ohemical Resistance —Phenolic resins aro par- 
ticularly suitable for the production of water resistant finishes (boat 
and seaplane varnishes), varnishes for electrical purposes, solvent-re- 
sisting varnishes and chemical-resistant varnishes. These varnishes. 
are dealt with in detail elsewhere. 

Yellowing.—A defect of some pure phenolic resins is their tendency 
to yellow on exposure to light and this yellowing usually occurs within 
a few hours of exposure. Types of resin are available which are practically 
free from this defect, and these can be used in media for light tints of 
pigmented enamels if desired. The formation of quinine-like bodies . 
‘is said to be the cause of after-yellowing, but if substituents are present 
in positions para to the hydroxyl group these bodies cannot be formed - 
and . after-yellowing is prevented.2® Alternatively a phenolic resin 
hydrogenated under pressure at an elevated, temperature in the presence 
of a catalyst has been suggested.?? . 

Selection of Driers.—Sowme resins yield precipitates when lead drier 
is used in the varnish if the temperature of incorporation is too high. 
Temperatures below 100°C. are recommended for addition of lead- 
terebine. Pickett notes that manganese. and cobalt driers help to 
maintain lead driers in solution.? 

Selection of Solvents.—Oil soluble resins based on certain phenols 
noed at least a proportion of strong aromatic solvent in the thinners to 
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keep a clear varnish. Some varnishes even with these thinners remain 
slightly opalescent, but this defect, unless very pronounced, is generally 
ignored. Some resins give star-bright varnishes with white spirit only. 

Darkening on Stoving.—All phenolic resins exhibit darkening on stoving 
and should not be used except in media for dark-coloured enamels or 
blacks. | 


ΑΤΟΟΗΟΙ, SonLugLE PHENOLIO lVESINS 


Conmqposifion.—Another type of pure phenolic resin which is used in 
important quantities is that produced from the interaction of formal- 
dehyde and phenol or cresol. The products are supplied either in the 
form of soft sticky resins or as their solutions in certain solvents. 

Thermosetting Properties--They are applied usually by spraying, 
coating machine or dipping, and dried by stoving at temperatures ranging 
from 105° C. to 190° C., depending upon the result it is desired to attain. 
The duration of stoving varies from one to two hours at the lower tem- 
peratures to only fifteen minutes at 190°C, Stoving results in hard 
brittle insoluble films. From a consideration of electrical properties, 
Kremlevskii has studied the rate of polymerisation of phenol and cresol 
formaldehyde varnishes at 507-110" C. Phenol resins polymerised 
more rapidly than cresol resins in the ratio of 2-2 to ].9 

These resins are usually described as the thermosetting alcohol 
soluble type as distinct from the oil soluble type. Granger states that 
all phenol formaldehyde resins are soluble in acetone.!3 


Uses 


The alcohol soluble thermosetting resin is used extensively as an 
insulating varnish and as an impregnating solution for a number of 
materials, including paper, cardboard and wood. Wood has been 
subjected to low pressures to remove oceluded air and then impregnated 
with solutions of resin in methyl alcohol which is forced in by pressure. 
After air drying, the temperature is gradually raised to 100° C. when 
curing takes place. The hardness and strength of the wood are inorcased 
as well as the moisture resistance.33 

Tough glossy finishes for wood, known as cold setting lacquers, are 
obtained using solutions of phenolic resin in alcohol or suitable solvent, 
to which an acidic accelerator is added just prior to application. By this 
method the resin is polymerised to its insoluble state at ordinary tem- 
peratures, and the danger of damage to the wood or shrinkage through 
baking at elevated temperatures is averted. Recent developments 
involve drying at temperatures slightly above atmospheric, e.g. 110° 
120° F., under controlled humidity, This procedure gives a very rapid 
drying rate without danger of wood distortion. "The films obtained have 
good water resistance and are durable, elastic and have good adhesion. 
In addition they do not burn easily and are resistant to aleohol and 
chemicals,” 
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The disadvantage of many of these cold setting lacquers is that often 
corrosive acidic accelerators have to be handled and mixed with the 
lacquers just prior to use. Gelation occurs after a few hours at ordinary 
air temperature, and if the doctored lacquer is not consumed before this 
stage it becomes a waste product. The great advantage of these lacquers 
is that several coats of lacquer can be applied as soon as the solvent has 
disappeared from the previous one. Subsequent light stoving satisfac- 
torily polymerises the heavy multi-coat film. 

The catalytic effect of the added acids increases in rough proportion 
to the concentration of the acid mixture, but in practice only 1 or 2 per 
cent of concentrated acids are used. The stronger mineral acids are 
more effective than the weaker or organio ones. Fonrobert®’ has 
published the results of work conducted with the following acids: oxalic, 
adipic, uric, sebacic, hydrochloric and phosphoric acids and their 
mixtures, and in addition, acetic, chloracetic, and sulphuric acids, and 
organic acid chlorides may be included. Use is also made of a product 
formed by the interaction of triethanolamine with phthalic or tartaric 
acids.38 

A blend of hardenable phenol formaldehyde and urea formaldehyde 
resins with an acid accelerator has been used for wood impregnation also.9* 

The addition of the usual plasticisers to resins of the above type result 

‘in loss of thermosetting properties. Plasticised resins aye available which 
yield tough flexible films on stoving, but it is believed that the plasticising 
agents are incorporated in the resin at the time of the reaction between 
the aldehyde and the phenol. 


MODIFIED PAENOL FORMALDEHYDE RESINS 


Modified phenolie resins are used in much greater quantities than 
the pure variety. This is because, except for special types of varnish, 
the latter is prohibitive in cost, Ewen after modification with diluents 
such as rosin the resultant product possesses in good measure some of | 
the characteristics of the basic phenolic resin. Moreover, modified 
phenolics are often more readily soluble in oils at low temperatures and 
do not need a complicated heat treatment. They are, apparently, for 
the most part “ unreactive”? in that no evolution of formaldehyde or 
water occurs during the heating process with oils, 

Modifying Agents.—Among the modifying agents used natural resins 
and drying oils are the most important. Insoluble phenolic resins have 
been fused with rosin or polycoumarone to produce solubility.) 285 A 
resin produced from equimolecular proportions of phenol and’ formal- 
dehyde, using hydrochloric acid as catalyst, was fused with rosin at 290" C. 
in the presence of lime to yield a product soluble in oil with an acid value 
less than 30.2 An oil soluble resin is made by condensing together phenol 
and formaldehyde in the presence of zine compounds. The product is 
heated. with rosin and glycerol until an acid value of less than 20 is 
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attained. Hydrogenated and polymerised rosins can be used in place 
of rosin as modifying agents. With polymerised rosin it is not necessary 
‘to use so much phenolic condensate to obtain a resin of given hardness. 
Fifteen per cent of condensate scems to be the limiting amount for 
optimum properties. Cahall states that a resin with a melting-point 
of 161° C. can be obtained, by reacting 15 per cent of an alkali condensed 
p-tertiary butyl phenol formaldehyde condensate containing two molec- 
ular proportions of formaldehyde to one of phenol, with polymerised 
rosin. The melting-point ouly increases to 166? C. if tho percentage of 
condensate is increased to twenty .*¢ 

Neutralisation of the acidity of rosin modified phenolics with alcohols 
other than glycerol is another development ripe for exploitation. 

A resin soluble in alcohol can he made from a reaction between 

phenolie resin and rosin.^ Many cheap modified phenolic resins are 
available which are soluble in industrial alcohol, and these are character- 
ised by a very high acid value, because of the presence of a predominating 
amount of rosin. Esterification of a phenol formaldehyde resin with 
a mixture of linolic acid and rosin yields an oi! soluble produet. A 
p-eresol formaldehyde resin is dissolved in monolinolein and reacted 
with phthalic anhydride and tung oil to yield a resin? Oil soluble 
resinous compounds are produced by heating the condensation products 
of phenols and formaldehyde, made with sodium acetate as catalyst, 
"with castor or linseed oil.” Phenol formaldehyde resin made with 
oxide, hydroxide, or organic zinc salts as catalyst is heated with a partial 
ester of glycerol and a higher fatty acid. A resin with an acid value 
less than 90 is obtained. A resinons composition is made by heating 
an oil soluble phenolic resin with tung oil. Drying oils and glycerol are 
then added and the heating continued. Phthalic acid is added finally 
and the reaction contined. s 

Another method of producing an alkyd modified phenolie resin is 
to heat & butyl phenol-formaldehyde resin, phthalic anhydride, glycerol 
and linseed oil fatty acida together.  Linseed oil is added finally and the 
whole polymerised together at 280° C19 

Rosin esters, including glyceryl diabietate and glyceryl triabictate, 
may be reacted with phenolic resins! Phenol aldelryde condensation 
product is heated with rosin and tung oil? 

An alternative method of incorporating modifying agent is to 
introduce it during the actual condensation of the phenol and the alde- 
hyde, Modifying agents used include rosin and Manila copal.? Rosin 
has been condeused with crude cresol in the presence of boron fluoride. 
The product is esterified with glycerol and then reacted with para- 
formaldehyde." 

Unsaturated fatty oils and phenols are heated together in the presence 
of inorganic basic compounds and the resultant product is condensed 
with aldehyde. In an example linseed oil and cresol are heated in 
the presence of lead acetate and the product reacted with formaldehyde. 
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A phenolic modified alkyd is obtained by heating together phenol, 
tung oil, phthalic anhydride and glycerol. In this case the resultant 
product is condensed with formaldehyde with ammonia as catalyst. 

Phenol is condensed with excess of formaldehyde in the presence of 
an A stage oil soluble alkyd.!7 Amyl or butyl phenol, formaldehyde, 
and rosin are heated under pressure, using zine acetate as catalyst. The 
product is esterified finally with glycerol by heating at 240° C. for twelve 
hours,18 

Resins of the albertol type can be made, according to Ushakov and 
Zeltzor, by the following method: 60 paris of formalin (40 per cent 
soln.), 100 parts cresol, and 50 parts of abietic acid are heated for five: 
hours and the product esterified with 8-5 parts of glycerol (28? Bi.) for 
seven to eight hours at 250°-260° 0.39 

Mixed xylenols, tung oil monoglyceride and formaldehyde are heated 
together in methyl alcohol, using caustic soda as catalyst. A reaction 
product formed from diphenylphenol. formaldehyde and glycerol is 
neutralised by a subsequent reaction with rosin or drying oil fatty 
acids.?9 

Paraformaldehyde, xylenol, tung oil and triethanolomine have been 
reacted together.?? 

An oil soluble modified phenolic resin is made from p-tertiary amyl 
phenol by refluxing it with a methyl aleohol-free aqueous formaldehyde 
solution and melamine.3? 

Cresol formaldehyde resins modified with aniline provide oil soluble 
products with pronounced bodying power, especially with blown drying 
oils. 

Mechanism of the Reaction between Phenolic Resins and Rosin.— 
Sleightholme has suggested three possible types of reaction which might 
occur when phenol formaldehyde resins are modified with rosin.’ A 
reaction may occur between alcoholic groups and abietic acid yielding 
oil soluble esters; a. reaction may occur between aleoholic groups and 
the double bonds of abietic acid, or the carboxyl group of the abietic 
acid may react with the phenolic hydroxyl. 

The Common Modifying Agents —Oil soluble moclified phenolic resins, 
which are readily available on the market, include those containing the 
following modifying agents: rosin, ester gum, natural copals, masticated 
copal, drying oils and allcyds. 

Incorporation of Modified Phenolic Resins in Drying Oils.—The method 
of ineorporation of modified phenolie resins in varnishes varies con- 
siderably, and usually the melting-point of the resin is a useful criterion of 
the treatment necessary. Resins with low melting-points (1157-1205 C.) 
are often readily soluble in petroleum hydrocarbons or dr ying oils without 
heating. It is possible to prepare cold solutions of resin in white spirit 
and to blend these solutions with stand oil and driers to produce var- 
nishes and media, Alternatively, the resin may be dissolved in the 
oil at the minimum temperature to effect solution. Sleightholme,” 
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however, recommends high temperature treatment of oil and resin 
mixtures, for the induced interesterification is believed to improve stability 
‘and durability. Hard modified resins of higher melting-point are not 
soluble in white spirit and often require turpentine or turpentine rein- 
forced with aromatic thirmers to effect a solution. Neither are they 
compatible with drying oils without heat treatment. Ease of com- 
patibility with drying oils diminishes with increased polymerisation of 
the oil. Some hard resins cannot be used satisfactorily with highly 
polymerised oils when the oil-resin ratio is greater than 1:1. The 
best method of making varnishes from hard phenolic resins is to heat all 
the resin with not more than an equal part of oil to a minimum tem- 
perature of 2607-270? C. Tf the oils to be nsed include ordinary un- 
bodied refined linseed oil, this should be used first in preference to the 
stand oils. When the temperature of the oil-resin mix has been main- 
tained at the minimum temperature for ten minutes a drop is removed 
and placed ou a glass plate. If it remains clear further additions of oil 
may be made, taking care to avoid excessive additions which will cause 
turbidity or which will result in substantial temperature drop. While 
the oil is being added the mix should be maintained over a strong fire 
to avoid temperature fluctuations, and this object may be assisted by 
a preliminary heating of the oil before addition. If the mix is caused 
to go turbid by ignoring the above warnings it may take an unnecessarily 
long cooking at high temperature to produce clarity again or, in ex- 
ceptional cases, it may be impossible to remove the turbidity. 

After the final addition of oil and the maintenance at the minimum 
temperature for about ten minutes after the mix has proved to be clear 
on glass, a sample is tested for solubility in white spirit. A solution 
containing an oxcess of white spirit (1 part mix, 2 parts white spirit) 
is prepared by warming. The solution is cooled. If on cooling turbidity 
appears the cooking of the mix is continued until a further solubility 
test shows it to be absent. Pickett *? has commented upon the effect 
of high temperatures in cooking modified phenolic resins and oil with 
reference to petroleum tolerance. 

As with pure phenolic resins the modified type shows up to best 
advantage with wood oil. Some modified phenolics have a strong peptis- 
ing action on polymerised wood oil but the strength of this influence 
varies considerably with different types of resin. According to Fonrobert, 
Holdt and Wilborn,™ two types of treatment are used. The German 
method consists in bodying the wood oil alone at 280° C., adding the 
resin, aud cooking just long enough to effect solution. The American 
method consists in heating the wood oil and resin at 285? C. Products 
with differing properties are obtained. The German method gives 
paler and harder varnishes with less skinning tendency, lower viscosity, 
and better flow. The American method gives more resistant varnishes 
especially to hot water and alkali In addition, they show less ten- 
dency to rivel on stoving and are more gas proof. It is the Author's 
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experience that improved durability is obtained by the American method. 
Buser asserts that high phenolic resins and wood oil in the ratio of one 
part of resin to three of oil require a minimum heat treatment of fifty 
minutes at 3455055 The effect of cooking temperature on the physical 
properties of a phenolic resin-ester gum-wood oil varnish has been 
studied." Varnishes were cooked to the same viscosity over a temper- 
ature range 230°-290° C. Except for the varnish made at 275° C., 
which had lower tensile strength and poor durability, there were no 
differences in physical properties. The effect of viscosity on skinning 
was also studied. With varnishes made at 260°C. more skinning was 
evident at the higher viscosities. 

Incorporation of Phenolic Resins with Aliyds.—Phenol-formaldelyde- 
alkyd combinations need special care in determining manufacturing 
details. These combinations are readily available on the market and 
methods of manufacture have been indicated already. After preparation 
of an alkyd resin not more than a few per cent of "reactive " phenolic 
resin (10 per cent) can be incorporated satisfactorily by heating. Con- 
siderable bodying occurs, yielding a product which takes an excessive 
amount of thinners to reduce it to workable viscosity. In addition, a 
product with extremely poor drying properties may result. Alkyds 
incorporating wood oil or its fatty acids show an even more marked 
bodying with phenolic resins. Introduction of some strong aromatic 
solvent may be necessary to obtain a good solution. These highly 
bodied products may gel on storage. 

Cold blends of alkyd and pure phenolic-wood oil varnishes rarely 
yield satisfactory results, and the relative proportion of the two in- 
gredients is another important factor. This can be determined only by 
experiment. Bad combinations usually result in varnishes with inferior 
dry—worse than that of either ingredient. This inhibition of dry is 
also observed frequently when phenolic varnishes are used as under- 
coating varnishes for alkyds. Probably the most satisfactory method 
of modifying a phenolic resin with alkyd is to prepare a phenolic resin- 
wood oil combination in the normal way and to check back at 250° C. 
approximately with unthinned alkyd resin. 


Properties 


Most modified phenolics are more readily soluble in oils and thinners 
than the pure type. It is rare to encounter varnishes or media n which 
thinners other than white spirit have been used. Turpentine may be 
added but naphtha is an unnecessary addition. Modified phenolics 
do not show the same yellowing tendency as the pure phenolics, but this 
may be attributed, in part at least, to the fact of dilution. Modified 
phenolics for oil varnishes are believed to contain between 15 and 35 
per cent of pure phenolic resin. 

Media or varnishes which are subject to extreme dilution with 
thinners to accommodate certain methods of application are made: best: 
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on modified phenolic resins. The complex product of pure phenolic 
resin and wood oil is apt to be unstable under these conditions, 


Uses 


Although not so powerful in their effect as pure phenolic resins the 
modified type is à useful reinforcing agent for the cheaper varnish resins, 
including rosin, rosin ester, limed rosin, zine resinate, copal ester and 
natural copal. Zinc vesinate in combination with phenolic resin gives 
superior varnishes to corresponding mixtures of ester gum or limed 
rosin’? Modified phenolics with wood oil give varnishes of good 
durability. These are a marked improvement on the old natural copal 
varnishes. Natural copals with a little modified phenolic resin show 
appreciable improvement in durability. Very durable varnishes can 
be made from alkyd-phenolic resin-wood oil combinations. . 

Other uses for modifed phenolie resins include water, acid, alkali 
and petrol resistant varnishes, paint and enamel media, aluminium and 
bronze media, rubbing varnishes and printing varnishes. 
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CASHEW NUTSHELL Liguo Rasins 


Cashew nutshell liquid is a typical example of à naturally occurring 
“vegetable oil” containing a substantial proportion of a substituted 
phenol. The “ oil,’’ if it can be described as such, differs from the usual 
vegetable or animal oils in that its primary constituent is phenolic in 
character, whereas the latter oils are essentially triglycerides. Probably 
the most confusing thing about cashew liquid is that it is not derived from 
the kernel of the nut, which would seem to be its most likely location, 
but from the shell around the kernel. 'Phe kernel itself is edible and 
is consumed in large quantities both in America and India. 

The nuts are indigenous to India (southern half), America, Brazil, 
and South Africa, although India is the most important source. The 
extraction and subsequent manipulation of the nutshell liquid are 
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covered bya number of American-held patents. The resins are, however, 
in the process of development and production in the United Kingdom also. 

The liquid is not casy to obtain from the nuts, and the first used 
method was to subject the nutshells to a temperature sufficiently high to 
cause destruction and charring of the shell. This, in turn, enables the 
oecluded liquid to be forced out. The other method is an extraction 
using hot oil. 

The nutshell liquid as it occurs naturally, consists of about 10 per cent 
of eardol-—a dibydrie phenol with a linear side chain containing two 
unsaturated bonds, and formula :— OH with 90 per cent of 


OHL 208 
anacardic acid ;— OH This acid de carboxylates on heating to yield, 


or 
( (90H 
EACUS 


annaesrdol;— OH 


DO 
ο. 


Preliminary investigations were conducted on the oily product ob. 
tained by cold solvent extraction, It is not surprising, therefore, now 
that the composition of the material is known more intimately, that 
Patel? found. that the product obtained by the normal heat treatment 
differed from the oil obtained by solvent extraction; the anacardio 
acid content of the former was only 16 per cent against over 90 per cent 
for the extracted oil. 

The commercial liquid, as obtained by heat treatment, is of a dark 
reddish-brown colour and is quite viscous. An important constituent, 
cardanol, obtained from it by steam distillation, is à monohydrie phenol 
substituted in the meta position by an unsaturated hydrocarbon chain. 

This has been assigned the formula :— OH 
and resembles anacardol except that only one unsaturated /N 
bond occurs in the side chain. The mechanism for this | C H 
transformation is not, as yeb, fully understood. It is the 1529 
presence of the hydrocarbon chain of the phenol which confers on the 
resing made from it their unusual properties. 

The erude liquid obtained from the shells undergoes careful purification 
before it is used for any type of resinous product. Mineral salts are 
precipitated by treatment with sulphurie acid, or similar reagents, and 
the resultant insoluble matter removed by filtration. This chemical 
treatment also promotes some decomposition of an organic sulphur 
compound, as evidenced by evolution of hydrogen sulphide. 

The changes which result from this chemical treatment are not pro- ` 
found as the figures facing, given by Harvey and Caplan; indicate, 

Raw cashow shell liquid has a definite vesicant action, but chemical 
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- treatment greatly reduces this, and the action seems to be associated with 
sulphur compounds which suffer degradation duriug the above treatment. 
Downing and Gurney have studied the physiological effects of raw 
cashew nutshell liquid, and report that dermatitis associated with skin 
eruptions, is caused by contact. Tt is recommended that rubber gloves 
are used when handling the nuts and that workers’ clothes are subjected 
to a hot-ironing daily.é 
It seems unlikely, however, that skin irritation or more extensive 
damage, should occur in handling the ultimate resins, because of the 
possible neutralising processes, especially high temperature treatment, 
involved in the preparation of these resins. But it is wise for the varnish 
maker to use them with care until the available knowledge on the subject 
is greater. Hale of the U.S. Publie Health Service has shown com- 
mercial nutshell liquid to be non-toxic to white mice. 


TABLE SHOWING THE EFFECT OF CHEMICAL TREATMENT ON 
CRUDE CASHEW LIQUID 








| : Vis. 

LY, R.T. 905 (4. Acetyl 8.45. s eee 

(Wife) Average lue ££ g. BV. Comtipoises 
Before treatment 269 1:5160 173 0-958 19-6 400 
After treatroont 254 ` 1:5215 156 0-980 29-7 435 


The treated cashew liquid or cardanol can bhe reacted with alde- 
hydes, and the reaction is hastened by the usual catalysts. Ammonia is 
just one example of a suitable catalyst. Aldehydes which have been used 
successfully in resin manufacture are formaldehyde and furfuraldehyde. 

Alternatively the cashew liquid may be polymerised by heat treat- 
ment alone or with the assistance of catalysts. Suitable polymerisation 
catalysts are sulphuric acid and the alkyl sulphates. 

A patent covering this polymerisation treatment cites the use of at 
least 2 per cent of diethyl sulphate or other suitable mono- or dialkyl 
sulphate with or without sulphuric acid ; and the mixed cashew nutshell 
liquid and reagent is heated at 160° C. to effect the necessary polymerisa- 
tion. ‘This treatmont obviates the necessity of acid purification of the 
crude liquid mentioned above, for precipitation of the contaminating 
metals and polymerisation occur simultaneously." 

The non-volatile residue from cashew nutshell liquid after distilla- 
tion, whether ordinary or steam, can be polymerised in a similar manner 
by treatment with dialkyl sulphate. The product is valuable as an 
electrical insulator.9 This is equally true of the distillate also (cardanol), 
which undergoes polymerisation similarly. The polermised products 
react readily with aldehydes, and in particular paraformaldehyde, which 
is used with them to yield rapid setting compounds, even at ordinary 
atmospheric temperature. The reaction between cashew nutshell liquid 
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andl paraformaldehyde is facilitated by the presence of a benzeneshIphonic 
acid and a benzenesulphonv! chloride as catalysts." 

For certain purposes the commercial shell liquid is distilled, as des- 
gcribed above, to give an snher liquid of fairly constant boiling-poiut 
which consists substantially of cardanol.t® The physical constants of 
this very valuable distillate are worth recording : sp. gr. 0-980 22° O. ; 
b.-pt. 360? C, or 225^ C, at 10 mm. ; m.-pt. « — 20? C. ; and 3 1 15113. 
Whilst this distillate does not polymerise so readily as the parent liquid 
it has special uses, and as explained already is polymerised by the sulphate 
method. The formaldehyde condensation product of the distillate——a very 
useful resin—cures slower than a similar product from the undistilled liquid. 

The eashew nutshell liquid can he etheritied to form the propyl, butyl, 
or amy] ethers, ete. ; the volatile ether is removed by destructive dis- 
tillation and the residue is condensed with an aldehyde to form a resin.* 
Cashew nutshell liquid or cardanol can be condensed with other phenols 
in the preserice of sulphavic acicl, and the products further treated with 
wdehydes to give soluble oil varnish resins. Alternatively it is claimed 
that the nutshell liquid-plenol product can be used as a resin without 
further treatment! Mixed ether-esters are preparcd by reacting, either 
cashew nutshell liquid or cardanol devived from it, with alkyl chlorides 
such us amyl chloride, uder alkaline conditions. The products are said 
to be suitable for use in varnishes.’ 

Cashew nutshell liquid resins are thermosetting, whether of the 
polymerised, the aldehyde condensation, or the polymerised-aldehyde 
condensation types. The films are chavacterised by a toughness and 
flexibility not usually associated with phenolic-aldehyde resins. They 
possess, in addition, good stability at elevated temperatures, and very 
goad solvent and chemical resistance when completely cured. The cashew 
nutshell liquid-aldehyde resins are especially interesting because of their 
excellent drying oil and aliphatic hydrocarbon compatibility. The 
aldehyde condensation products, either alone or in conjunction with drying 

"oils and/or other modifying agents, provide excellent varnishes for elec- 
trival purposes. Other applications for cashew resins include media 
and. fillers for brake linings ; mixtures with rubber to improve solvent 
resistance ; binding agents for bonded paper; water resistant plywood 
adhesives ; rapid setting cable compounds ; and mica cements. Morgan?? 


has given an excellent review of the production and properties of cashew 
nutshell liquid resins, 
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Matutc Resins 


Of all the raw materials used in the manufacture of resinous com- 
positions maleic acid or its anhydride is one of the most important. 
In addition to its use in the production of alkyd resins degeribed 
elsewhere, it undergoes many other valuable reactions. It reacts with 
compounds like butadiene according to the Diels and Alder synthesis, 
with g-methyl pyrrole; with terpenes; with cineole, with unsaturated 
vegetable oils or their acids; or with vinyl acetate and styrene. 


Diels and Alder Synthesis 


The Diels and Alder synthesis is important. It is the reaction 
between conjugated double bonds and the double bond of an ¢f-enal 
grouping. A conjugated double bond (—C=CH—CH=C-—)} in a com- 

O 


| 
-- 








pound: like butadiene reacts with the wf-enal grouping (—C-C 


of maleic anhydride. 


CH, CH, 
f HUN 
HC CH-—CO., HÉ δπ-οο 
y + | Po Ql | -20 
Ho OH—CO HÜ — OH—CO^ 
Ἂ Να 
CH, CH, 
(butadiene) 


Compounds containing the of-enal grouping include aldehydes like 
acrolein and. erotonaldehyde ; anhydrides like maleic, itaconie or 
citraconic anhydrides ; quinone and cyclopentadicnone. Reactive con- 
jugated double bonds are present in butadiene, myreene, isoprene, di- 
methylbutadiene, anthracene, o-phellandrene, c-terpinene, cyclopenta- 
diene, cyclohexadiene, furan, wood oil and possibly in rosin. 


H H 
6 co ο. Ἡ 
ΑΙ. ΜΝ Cp 70-00 
HG CH, ÓH ^w πό CH, N 
L t 0 — | | Q 
HO CH, OH OY HÈ OH, Ζ΄ 
NI N | | 20—06 
ο GO SCH 
H H 


(cyelohexadiene) 
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CH a 
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CH, COOH . / 
NZ 
ὅ CH, 
ENZ Na * 
GH, UH on. 
Lodo 
UH, C ὃς - CH—CO.. 
NN | 
CH, CH CH CH, N 
Zl dx ò 
GH, CH, C—GH 
NA ON Ζ΄ 
CH OH, S 
= OH—CO 


Other constitutional formule have been suggested for abietie acid! 
and the presence of conjugated double bonds seems to be somewhat 
controversial? 

From wood oil products of the types shown below are obtained, 
depending upon whether reaction has occurred between maleic anhydride 
and the « or £-elacostearic groupings. 
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CH—-—----—-—-CH. 
| ` | («-form) 
CO C 
NS p μ΄ 
EN » we 
ο 
CH, (CH,),CH=CH—CH—CH—CH—CH—(CH,),COOH 
| 
i ὅμ 
| | (B-form) 
O0 co 
EN p 
Ü . 


The Reaction between Maleic Anhydride and Terpenes 


Terpeues with no conjugated double bonds react with maleic anhydride. 
These terpenes include & and f-pinenes, terpinolene, d aud i-limonenes 
and dipentene. 





CH, ° CH, 
| | 
ς e 
CH CH suo H 
|] GH——00 CO— CH —CH 
da PR o. | yo — oc | bu, cH 
» Ha 
“H UH—CO CO—CH 7 
| N 
CH ČH 
^ | 
Sa, OH, CH 
AN. 
(z-phellandrene) CH, CH, 
CH, 
CH, | u 
| ο--------- 3H—CO 
δ Aa 
GH, CH . CH—O0. CH, | 0 
| | + | i Po — | CH / 
CH, CH CH—CO CH, 6 
2’ . 
Ὺ Lco 
| 
ba CH 
ZN ZN 
GH, CH, | Cn, CH, 


(a-terpinene). 
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According to Ensor and Little non-conjugated monocyclic terpenes 
react with maleic anhydride at high temperatures, yielding an inter. 
polymer of the terpene aud the anhydride, and a monomeric addition 
product following hydrogen migration. The presence of a trace of mineral 
acid promotes a normal Diels-Alder reaction.9? 


Resinous Products from Maleic Anhydride Reactions 


The reaction product from butadiene and maleic anhydride which is 
cis-Ad-tetrahydro-o-phthalic anhydride, on esterification with glycerol 
yields « resin? The dibasic anhydrides derived from the dienes present 
in crude benzol, on their treatment with maleic anhydride are other 
suitable raw materials for resin manufacture.6 A non-volatile resinous 
material is obtained from the interaction of «-phellandrene and maleic 
anhydride." Similarly, a resin is obtained from «-terpinene and maleic 
anhydride. A resinous product, suitable for use in varnishes is made 
by heating maleic anhydride, maleic acid or fumarie acid with excess of 
a-terpinene at 150°-200° C. «-Terpinene is reacted with maleic an- 
hydride and the product reacted further with glycerol to form a material 
suitable for use in varnishes. Terpinenc-maleic anhydride products 
may be esterified with monohydric alcohols also. A soft resin soluble 
in acetone, butyl acetate, or toluene, is made by esteritying the terpinene- 
maleic anhydride product with glycol. 1f glycerol replaces glycol a 
hard resin results. After condensation of maleic anhydride with 
anthracene, the product is heated with glycerol or glycol? A pale 
resinous wax is obtained by reacting maleic anhydride and cineole at 
140° C. in presence of zine chloride. 

A soft yellow resin is obtained by heating a-pinene and maleic an- 
hydride at 170° C. under pressure. The resin may be esterified with 
polyhydric alcohols. p-Toluene sulphonic acid is a useful catalyst for 
this reaction. It is believed that the function of the catalyst may be to 
convert the non-conjugated double bonds into the conjugated type. 
A pinene-maleic anhydride product is reacted further with a polyhydric 
alcohol and an organic carboxylic acid! | 

The dipentene and maleic anhydride reaction product is a resin. 
It may be esterified with an alcohol. Dipentene-maleic anhydride is 
reacted with a polyhydrie alcohol and an organic carboxylic acid. 

A flexible resin is obtained by heating the product of reaction of 
limonene and maleic anhydride with tetraethylene glycol for one hour 
at 2007-250? C. Hultesch claims that satisfactory varnish resins are 
derived from maleic anhydride and turpentine.“ Condensation of a 
terpenic body with maleic anhydride is effected by bringing the anhydride 
vapours into contact with the terpene ab a high temperature4 

Bevan records that the reaction between conjugated unsaturated 
terpene hydrocarbons and maleic anhydride takes place at low tem- 
peratures with evolution of heat, in contrast to the reaction with 
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non-conjugated terpenes which need higher temperatures) The an- 
hydride products obtained from terpenes and maleic anhydride are valu- 
able constituents of alkyd resins, in whose composition they may replace, 
wholly or in part, the phthalic anhydride. Allcyds derived from terpene- 
maleic anhydride bases are claimed to be harder, and to have better 
white spirit and oil compatibility than similar allyds on a phthalic 
anhydride base. TLittmann states that such alkyds have high 
melting-points and that they have a beneficial influence on the speed 
of dry of mixtures with drying oiis.!5 

A pale waxy resin is obtained from the condensation of terpineol 
with maleic anhydride, Such resins may be used as plasticisers for uitro- 
cellulose. Tt is probable that the tertiary hydroxyl group of the 
terpineol undergoes esterification simultancously with the addition 
reaotion.!* 

A high boiling diterpene, obtained from the acid treatment of 
&-phellandrene, is condensed ab 200-215? C. for three hours with 
maleic anhydride to yield a resin.|$ The resins thus obtained may be 
esterified with alcohols. 'Phe plyeol esters of polvterpene-maleie an- 
hydride resins aro heat convertible. Glycol esters of monoterpene-maleio 
anhydride resins are not heat convertiblo.1? 

Resins are produced from the interaction of cuprene, maleic 
anhydride and polyhydric alcohols. Cuprene is prepared by passing 
acetylene (C,H) over powdered copper at 200°-260° C29 — Isoprene, 
maleic anhydride, « and f-elaeostearic acid, and wood oil are reacted 
together, and the product reacted further with alcohola such as glycol, 
glycerol, polyglycerol, mannitol or pentaerythritol.?9 

Resins suitable for coating wood and inetal are prepared from the 
reaction products of maleic acid and di-olefines.** 


Rosin-Maleic Anhydride Resins 


The reaction products obtained from maleic anhydride and rosin, 
or products allied to rosin constituents, are the most important from the 
varnish mnaker’s point of view. Rosin condensation products may be 
made in several ways. Rosin will react directly with maleic anhydride 
on heating at 100°-200° C., and the products are esterified with alcohols 
to form resins.” The resins usually contain about 12 per cent malete 
anhydride based on the weight of rosin. LEsterification of the abietic 
acid-maleic anhydride products with glycerol is stated to be liable to 
cause rapid gelation? Other resins derived from rosin may be used 
in place of rosin for this reaction, and such resins include polymerised 
rosin, ester gum, and rosin modified alkyds or phenol formaldehyde 
resins. Methyl or ethyl abictates may also be used in place of rosin.®4 

In making mateio resins from polymerised rosin in the place of ordinary 
rosin special practical details must be observed. Since part of the normal 
unsaturation of ordinary rosin has been involved in polymerisation leas 
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maleic anhydride can combine with polymerised rosin. Cahall suggests 
that the amount of anhydride should be limited to 12 parts for every 
100 parts of polymerised rosin.9? The actual method to be adopted 
consists in reacting together the polymerised rosin and maleic anhydride 
at 180°-200° Œ. The glycerol is then introduced on a rising temperature 
which is maintained at 270°-275° C. until esterification is complete. 
In preparing esterified resins by the simultaneous reaction between 
polymoerised rosin, maleic anhydride, and glycerol, the anhydride should 
not exceed 9 parts to 100 parts of rosin, if gelation is to be avoided, 

Rosin and maleic anhydride may be reacted together by refluxing 
for four and a half hours in o-dichlorobenzene. The acidity of resins 
produced either by direct reaction or in solution, can be reduced by 
subsequent high temperature treatment in the presence of zine chloride,?5 

It has been indicated already, but is worth emphasising that the rosin 
may be esterified with glycerol before conducting the reaction with 
maleic anhydride. 

Glycerol may be partially esterified with maleic acid and the product 
reacted further with rosin. Details of a two-stage process involving a 
preliminary reaction between glycerol and maleic anhydride, followed 
by treatment with rosin, are given in a recent patent of Reichhold 
.Chemicals.2® The advantages claimed for this process are an economy 
in maleic anhydride and a paler product, 

Maleic anhydride (2070 Ib.) is reacted at à temperature below 170? C. 
with glycerol (3427 Ib.) in a glass-lined vessel. An excess of glycerol 
is used to prevent gelation. When an acid value of about 30 or less is 
attained, gum rosin (23,000 Ib.) is added slowly and the mixture heated 
further at 230°-240° C. After treatment by application of & vacuum 
a resin is obtained with a m.pt. of 115?-125? C. Rosin, maleic anhydride 
and glycerol may be reacted simultaneously.?5 

Alcohols other than glycerol are used to produce rosin-maleic resins 
of low acidity, and in this respect pentaerythritol has received special 
attention. Methyl alcohol has also been included. in patented processes. 

The low molecular weight alcohols give rosin-maleic esters which 
are generally soft and of-low melting-point. The glycerol ester is prob- 
ably the first of the series which is useful as a varnish resin, although the 
ethylene glycol ester is used to some extent in nitrocellulose lacquers. 

When pentaerythritol is used as the esterifying alcohol, the maleic 
anhydride content of the rosin-anhydride complex must be reduced to 
about 8 per cent in order to avoid insolubility.9t 

The pentaerythritol ester has better water resistance than the glycerol 
product and gives better drying varnishes. The mannitol ester gives 
even more marked improvements in properties. 

Maleic resins with low maleie anhydride content, but high melting- 
point are possible.?3 

A resin is obtained by reacting abietic acid, maleic anhydride and 
-a-terpinene together." A compound containing an abietyl radical, 
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a-pinene and maleic anhydride are reacted together to yield a resin. 
This may be reacted further with an alcohol.*5 

A compound containing an abietyl radical, a terpene boiling between 
170° and 178? C. containing dipontene, and maleic anhydride are reacted 
to yield à resin.?? 

An unsaturated rosin compound such as an ester of abietic acid reacts 
with maleic anhydride, and the product is treated with hydrogen to 
reduce unsaturation. By using hydrogenated abietyl aleohol for 
reaction with maleic anhydride a produet is obtained which is more 
resistant to yellowing on exposure than a similar product based on non- 
hydrogenated  abietyl aleohol.59 

Resins other than rosin or resin modified compounds which react 
with maleic anhydride similarly to rosin, include damar, mastic, and 
yellow. aecroides, 

Under certain conditions it appears also that run natural copals may 
be used in place of rosin. 

Fumaric acid also reacts with rosin at 220°C. The resm obtained 
has a higher melting-point than that from malcic acid.?® 

The methyl or ethyl esters of abietie or pimarie acids are heated with 
maleic anhydride. The reaction product is then hydrogenated at high 
pressure (1,500-5,000 Ib. per square inch), in the presence of an active 
base metal catalyst, and the product of hydrogenation esterified with 
a suitable alcohol.58 i 


Properties and Uses 


Colour Retention—The popularity of maleic resins based on the 
interaction of rosin or its allied products with maleic anhydride, may be 
attributed mainly to one property ; that of colour retention both on 
exposure and on heating. For this reason maleic resins are used in non- 
yellowing white or tinted white enamel media or in stoving media or 
lacquers, in conjunction with stand oils, or with alkyds. They will be 
found, therefore, in silver stoving varnishes for tinplaté or in white 
stoving refrigerator enamels, ' 

Melting-Point —The resins themselves can be obtained in hard grades. 
The melting-points of the resins vary over a considerable range, for 
example, from 85°-130° C. approximately, 

Solubility —The solubility of maleic resins varies with type, but in 
preparing straight solutions in solvents it is preferable to use stronger 
solvents than white spirit. Turpentine, and aromatic hydrocarbons’ 
or mixtures of these are recommended. A blend of white spirit and 
aromatie hydrocarbon may be used. The addition of a small proportion 
of alcohol is sometimes claimed to be advantageous in effecting solution. 

Preparation of Solutions. (a) Im Solvenis.—Such solutions may be 
obtained either by cold churning with. the solvent or by melting the 
resin and thinning. - 
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(b) In Oils.—When used with drying oils some resins give clear 
stable solutions without elaborate heat treatment. Generally, however, 
it is advisable to cook the resin and oil together at 260° C. or higher as 
in the case of hard modified phenolics. The resin should be heated first 
with unbodied oil, if the formulation includes this, or with not more than 
an equal part of stand oil if this is used. When a clear bead from the 
mix is obtained on cooling, the rest of the stand oil may be added slowly, 
followed hy further treatment to effect solution. When all the oil has 
been added, the mix should be maintained at 260° C. until it is soluble 
in twice its own volume of white spirit. Thus, by correct cooking 
procedure varnishes may be produced which can be thinned entirely 
with white spirit. 

Incorporation of maleic resin with an alkyd resin is best effected 
by a similar heat treatment to that used for stand oil mixtures, 

iiffect on Webbing —When u varnish contains a predominating amount 
of wood oil or dehydrated castor oil, it is very difficult to obtain a product 
freo trom webbing or frosting tendencies. This applies also to the 
treatment of maleic resins and alkyds containing these oils. The best 
method to avoid this difficulty is to use in conjunction with the maleic 
resin about one-tenth of its own weight of pure reactive phenolic resin. 
This small addition is normally sufficient to prevent webbing and frosting 
without introducing any substantial yellowing tendency. It should be 
observed, however, that introduction of pure phenolic resins to alkyds 
causes exeessive stoutening and may cause inhibition of dry. Sleight- 
holme * records that the harder types of maleic resins gel rapidly when 
heated at 290° C. with wood oil, anc further, that prolonged heating of 
the resins at temperatures above 260° C. induces inferior drying properties. 

Stainhity.—Substantial stoutening of pigmented short oil varnishes 
based on hard maleic resins even with inert pigments is reported by 
Fonrobert."* . 

Alkali Resistance —The poor alkali resistance of maleic resins is 
caused by the presence of maleic esters in the resin complex, in contrast 
with the abietic esters which have better stability. 

Taste and. Odour.—Resins yielding tasteless and odourless films are 
prepared from maleic acid, rosin and a straight chain hexalydric alcohol. 
The hexahydrie alcohol cannot be replaced by glycerol except by 
forfeiture of the above properties.*+ . . 

Other Properties.—The electrieal properties of maleic resins are stated 
to be good, which permits their use in insulating compositions. Maleic 
resins may be used also in nitrocellulose lacquers. 


Reaction Products of Maleic Anhydride and Unsaturated Oils 


The products from maleic anhydride and unsaturated vegetable oils 
have attracted considerable attention, although, as yet, mainly academic, 
As might be anticipated the most popular oil for submitting to this type 
of reaction is wood oil. With this, a reaction occurs at temperatures 
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in excess of 128° C., to yield a product with vastly different properties 
from those of the original oil.25 The product dries slower than untreated 
oil but has less tendency to web or frost and palymerises at a much 
slower rate on heating. The acidic product from maleic anhydride and 
wood oil can be esterified with polyhydrie alcohols, but the procedure 
is difficult and the resultant product of questionable value,36 

However, a protected process describes the reaction of maleic 
anhydride with a substance containing the elaeostearic acid radical. 
The resultant product is esterified with glycerol to yield a heat con- 
vertible resin. An A stage resin of this type is claimed to be soluble in 
naphtha and miscible with warm vegetable oils." A resin suitable for 
use with nitrocellulose is derived from the interaction of maleic anhydride- 
wood oil compound, oxalic acid and diethylene glycol.38 

Morrell and Samuels and others have studied the reaction between 
maleic anhydride with both the « and f-modifications of elacostearie 
triglyceride. Divergence of propertics are apparent between the two 
claeostearie compounds. f-elacestearin-maleic anhydride compounel is 
a viscous oil soluble in aromatic hydrocarbons, turpentine and acetone, 
It can be stoved to give hard solvent resistant films with absence of 
webbing or frosting, or it can be air dried. The «-elacostearin-maleic 
anhydride compound has poor drying properties even on stoviug and 
has poor resistance to solvents.?? 

Reduction of frosting tendency occurs as the percentage of maleic 
anhydride in the oil-anhydride product increases.*4 

Dehydrated castor oil may be reacted with maleic anhydride, through 
its unsaturated linkages or compounds may be obtained by the inter. 
action of maleic anhydride and the hydroxyl group of ordinary castor 
oil.49 

Prolonged heating of castor oil at high temperatures in the presence 
of a catalyst induces the formation of conjugated double bonds and 
eliminates the hydroxyl groups. A flexible resin is obtained from this 
oil by treatment with maleic anhydride. Castor oil, after heat treatment 
in presence of catalyst (100 pts.), is heated at 1207-130" C.*! for four and 
a half hours approximately with maleic acid (35 pts.) to yield a resin. 

Another castor oil compound, described as a resin-plasticiser, is obtained 
when castor oil and glycerol are heated together in the presence of litharge 
at 230° C, A further addition of glycerol is made, maleic acid added and 
the heating continued until the resin is produced.” 

Castor oil, a monohydric alcohol and a partial ester of maleic acid 
are heated to forni a resin. 

A reaction also occurs between maleic anhydride and vegetable oils 
containing non-conjugated systems,’ such as linseed, poppyseed, perilla 
and olive oils. Higher temperatures, that is, temperatures in excess 
of 180° C. are necessary for the reaction with non-conjugated oils. 

Stand oils of improved dry and water resistance capable of very 
rapid, production, are obtained by heating linseed oil at 200° C. with up 
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to 10 per cent of maleic anhydride, which is believed to act catalytically. 
The acidity of the resultant oils is reduced by esterification with poly- 
hydric alcohol. 

Maleie anhydride.unsaturated vegetable oil compounds may be 
used as plasticisers for nitrocellulose. The product from wood oil may 
be used as a constituent of oil-miodified alkyds. 

Malcie or fumarie acid is fist heated with trimethylene ‘glycol, or 
mono, di or triethylene glycol. This yields a strongly acid resin by 
condensation with rosin. A mixture of drying oils or their fatty acids 
and glycerol is added and the heat treatment continued.*® 

A resin is obtained by heating a mixture of maleic anhydride, glycerol, 
unsaturated fatty acid and cyclohexanol.4? A product is first formed 
from a terpene and maleie anhydride. This is then reacted further with 
a fatty acid and a polyhydric alcohol.“ The resultant resin is soluble 
in oil, An oil soluble resin is claimed also by reacting maleic acid with 
the glycerol diester of vegetable oil acids. 


Other Resinous Maleic Anhydride Compounds 


There are œ number of interesting resinous compounds containing 
maleie acid or anhydride and these should be included for completeness. 

By the action of heat or light on osters of maleie or fumarie acids, 
assisted by the presence of benzoyl peroxide, clear soluble resins are 
obtained. These may be stoved for one honr at 65? C. to yield tack-free 
films? Glycerol may be partly esterified by naphthenic acid, using 
one molecule of each reactant. The product is then completely esterified 
by interaction with maleic acid." Rapid hardening resins are obtained 
by the following three methods, Ethylene glycol and maleic anhydride 
are reacted. together in an atmosphere of carbon dioxide, and benzoyl 
peroxide is added. Diethylene glycol, maleic anhydride and naphthalene- 
2-sulphonic acid are reacted together and benzoyl peroxide added, or 
ethylene glycol, maleic anhydride and phthalic anhydride are reacted 

"and benzoyl peroxide added as before. 

Resins are claimed from the interaction of maleic anhydride and 
rubber in the presence of benzoyl peroxide. Alternatively, maleic 
anhydride is reacted with rubber and a phenol, and the resultant product 
condensed with fonnaldehyde.? ‘Divinyl acetylene réacts with maleic 
anhydride and the product can be esterified with glycerol to yield a 
resin. Hard resins are obtained from maleic anhydride and vinyl- 
hydrindenes.55 

Resinous compositions are obtained by the co-polymerisation of 
maleic anhydride with substances of the type of acrylic acid or its esters, 
styrene, and vinyl esters or ethers.56 
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Souwrce.—The basic raw material used for the manufacture of these 
resins is coal-tar naphtha. It is the coumarone and indene constituents 
of it, capable of polymerisation, which are the resin-lorming compounds. 
Dicyclopentadiene may be polymerised also by heating to yield a resin. 
Pure conmarone is a liquid of boiling-point 172^ C. — Pure indene is also 
a liquid, boiling-point 182° C. 


Manufacture 


Polymerisation Catalysts-—Coumarone is polymerised to a resin by 
the action of the following substances: sulphuric acid, stannic chloride, 
aluminium chloride, phosphorus oxychloride, oxygen,! tin tetrachloride,? 
ferrie chloride, ferrie acid sulphate,? boron trifluoride’ 

Indene is polymerised to a resin by the action of the following sub- 
stances: sulphuric acid, hydrogen fluoride, boron trichloride, stannic 
chloride, antimony trichloride, antimony pentachloride, titanium tetra- 
chloride, oxygen," * phenyldiazonium fluoroborate, perbenzoic acid,’ 
tin tetrachloride,® ferric chloride and ferric acid sulphate? Light and 
heat also aid polymerisation of indene. 

Partial polymerisation of indene occurs with hydrochloric, phosphoric 
and acetic acids. Chlorides of aluminium and zine are equally effective.® 

An approximately neutral activated clay is used as a polymerisation 
catalyst at elevated temperatures for substances in solvent naphtha more 
reactive than coumarone or indene8% Activated clays may be used also 
for polymerisation of coumarone and indene. 

The Form of Acid Catalysts——-When sulphuric acid is used as a poly- 
merisation catalyst it may be used in various forms. It may be diluted 
with glacial acetic acid, or used as a solution in isopropyl ether. Another 
catalyst is derived by heating together two molecules of sulphuric acid 
with one molecule of a, saturated aliphatic ether. A mixture of boric 
and sulphuric acids is sometimes used, and this is stated to be useful in 
the production of pale resins.’ 

Manufacturing Methods.—To prevent serious overheating due to the 
exothermic nature of the polymerisation of indene, the reaction is con- 
ducted in a solvent and the reaction mixture may be artificially cooled. 

So-called coumarone resins are usually mixtures of polymers of 
eoumarone and indene, for these constituents are rarely separated. 

Ellis has divided the manufacture of coumarone resins into seven 
distinct steps.!? The first consists in refining the solvent naphtha used. 
The naphtha is fractionally distilled to yield a fraction boiling-point 
166°-180° C. (approx.). Phenols, naphthalene, tar acids, pyridine and 
‘quinoline are next removed. The naphtha is then dried by careful 
acid treatment which is simultaneously instrumental in removing certain 
undesirable hydrocarbons. Polymerisation of the dry refined naphtha 
is then effected by the careful addition of catalyst with constant stirring 
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and cooling. Of the catalysts:used, sulphuric acid is the most popular. 
When, polymerisation is complete the reaction mixture is allowed to 
stand. to enable the heavy acid sludge to settle, This is removed, and 
the acidity of the residual oil is neutralised by the addition of caustic 
soda, The resin solution is separated from the caustic soda solution 
and washed free of excess alkali with water. The resin solution is finally 
distilled under vacuum and the resin is left behind as a non-volatile 
residue. The distillation may be conducted with or without the presence 
of steam. - 

The Effect of Process on Resin Properties. Effect of Catalyst, Tem- 
perature, Time, and Oxidation —The properties of the resin may be changed 
substantially by the manufacturing process. The concentration of the 
acid catalyst is important. If the concentration is too high dark pro- 
ducts are obtained; if it is too low the melting-point of the product 
is correspondingly low. High polymerisation temperature causes darken- 
ing of the resin, Time during which the dark acid sludge is allowed to 
remain in contact with the resin solution is another factor which influences 
the colour of the final product. During the final distillation of the resin 
solution to obtain the resin residue, temperatures should be kept as 
low as possible in order to avoid discoloration, ‘Duration of the poly- 
merisation process has an important bearing on the properties of 
the final product. Solubility of resin decreases with increase in acid 
concentration. 

Oxidation is prevented during the polymerisation process using 
sulphuric acid, by conducting it in the presence of aniline sulphate or 
pyridine sulphate. : Pale resins are obtained. 

Refining. Colour—Impurities which confer colour on resins are 
absorbed by dissolving the resin in an aliphatic hydrocarbon. <A clay 
is mixed with this solution. A similar result is obtained by heating the 
resin with a clay capable of absorbing the colouring matter,” 


Modified Coumarone Resins 


Coumarone-indene resins may be hydrogenated. The resin is placed 
in contact with hydrogen and a catalyst, at a temperature between that 
of the ordinary atmosphere and that causing decomposition of the resin. 
Traces of substances which might poison the hydrogenation catalyst 
&re first removed 1? 

Coumarone resins may be dehydrogenated. Sulphur is mixed with © 
the resin and the mixture heated at 180? C. The resins obtained have 
better solubility in aliphatic hydrocarbons and they are less susceptible 
. to atmospheric oxidation.“ 

Modified coumarone resins are produced for certain purposes. A 
high grade varnish resin of high melting-point is obtained from a mixture 
of coumarone resin and pure phenolic resin. Coumarone resin is heated 

. && 200? C. with 20 per cent of 2 p-amyl phenol-formaldehyde condensation 
product5 The presence of phenols during the polymerisation of 
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coumarone and indene is stated to confer alcohol solubility on the re- 
‘sultant resin.16 

Coumarone-styrene resina are other recent and interesting producta. 
They are not, however, so solnble as the coumarone indene resins. They 
dissolve in aromatic hydrocarbons, esters, and terpenes to give very 
Viscous solutions. They are insoluble in drying oils. 


Properties 

Colour, Form— Coumarone resins are brittle products, varying in 
colour from a pale straw to a reddish-brown, Some varieties are almost 
black. The most popular form is as small thin flakes and these aid 
solubility. l 

Solubility. Compatibility —Most coumarone resins commercially 
available are readily soluble in petroleum hydrocarbons such as white 
spirit, to give a clear or faintly opalescent solution. Other grades are 
only partly soluble in white spirit and need the addition of stronger 
solvents. Coumarone resins are soluble in aromatic hydrocarbons, 
chlorinated. hydrocarbons, turpentine, most esters, carbon disulphide 
and ethers of ethylene glycol. Normally coumarone resins are insoluble 
in aleohols, although special grades are soluble. Mixed solvents have 
been suggested for coumarone resins, aud a blend of 91 parts benzine 
with 9 parts acetone, or 92 parts benzine with 8 parts of butyl glycol 
B-ethyl ether, are two examples." Vegetable oils are quite miscible 
with eoumarone resins, and this makes them valuable for certain types 
of varnish. It ia often necessary’ to use heat to effect solution of 
coumarone in heavy stand oils, and for heavy blown oils a preliminary 
treatment with a thin stand oil is recommended. Coumarone resin is 
miscible with most of the common varnish constituents, including 
petroleum and coal-tar pitches, natural asphaltums, ester gum, rosin, 
limed rosin, phenolic resins, natural copals and chlorinated rubber. 

Plasticisers —Coumarone can be plasticised if necessary, and among 
the most satisfactory plasticisers may be included tricresyl phosphate, 
ethyl abietate, vegetable oils (inchiding castor oil), triphenyl phosphate, 
diamyl and dibutyl phthalates and butyl stearate. It should be noted, 
however, that the solubility of this resin may be influenced appreciably 
by its degree of polymerisation. 

AMelting-Point.—Ihe melting-point of coumarone resins varies con- 
siderably, from less than 40° C. for the soft grades to above 155? C. for 
the hardest grades. For varnish manufacture resins with melting-points 
around 1307-140? C. are generally the most satisfactory. Liquid 
coumarone resins may be used also for special purposes such as 
plasticisera or as adhesives, 

Chemical Resistance and. Yellowing.—Coumarone is almost neutral, 
is practically unsaponifiable and is resistant to allkalics and most acids. 
15 tends to darken both on exposure and on heating. The causes 
of yellowing of coumarone resins were not, until recently, definitely ` 
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established. The yellowing of coumarone-indene resins has been explained 
by Carmody. On the basis that indene is a cyclopentadiene derivative, 
it reacts with ketones, aldehydes, or oxidised compounds, forming highly 
coloured: bodies known as fulvenes. Indene or polymerised indene is 
attacked at the double bond by atmospheric oxygen, producing aldehydes 
or ketones ultimately. These react with unoxidised indene polymers, 
eliminating water and yielding fulvene compounds.?? 

Snell.—Coumaxrone can be detected even in oleo-resinous compositions 
by its characteristic smell, especially if the product is gently heated. The 
prominence of the odour of coumarone resins varies considerably, Some 
resins betray only the slightest smell whilst others possess smells which 
are definitely objectionable. The smell. of a commarone resin is im- 
portant when it is used in finishes for the interior of buildings. 

Detection.—Another method of detecting this resin is by means of 
the Liebermann-Storch reaction. It gives a characteristic pale pink 
colour which is unlike the colour given by any other resin. -A colour 
js produced also when 1 c.e. of a 10 per cent solution of resin in chloro- 
form is diluted substantially with more chloroform, and 1 c.c. of glacial 
acetic acid added. After shaking, 1 c.c. of & 10 per cent solution of 
bromine in chloroform is added with more shaking, when, on standing, 
a red colonr develops.18 


Varnish Making with Goumarone Resin 


Polymerisation of wood oil is retarded by the presence of coumarone 
resin. In this respect it is claimed by Kenny to be as effective as limed 
rosin!? In the manufacture of varnishes from coumarone two factors 
must be kept in mind. Firstly, that to effect clear and stable solutions 
with the various types of varnish oils some cooking at temperatures of 
approximately 230°-260° C, is necessary. The second factor is that 
cooking in excess of 280° C. causes darkening of the resin. Ellis states 
that the darkening may be due either to ther mal decomposition or to the 
presence of sulphonated compounds. 28 For this reason the temperatures 
used for the distillation process in the final stages of production of the 
resin are kept to a minimum. 

To produce varnishes or lacquers from cowmarone resin the following 
methods have been recorded. A straight solution of the resin in white 
spirit, or white spirit-naphtha mixtures, can be obtained by melting the 
resin, removing from the source of heat and adding the solvent slowly with 
constant stirring. A slower process is to dissolve the resin by cold churning. 
From the latter method the solutions produced are paler. -. For short wood 
oil varnishes it is suggested 18 that the bulk of the resin is dissolved in 
wood oil at 205? C. and the temperature of the mix raised to 200? C. 
It is checked immediately with the remainder of the resin and bodied 
to the desired viscosity at 230° C. For long wood oil varnishes a some- 
what similar process is adopted except that the wood oil is heated to & 
high temperature rapidly and then checked with rosin. Coumarone is 


211 


Varnish Constituents 


added and the bodying conducted at 230? C. as before. King?! heats 
wood oil to 245° C., adds the coumarone resin and bodies at 280? C. 
If the varnish includes pure oilreactive phenolic and coumarone resin, 
both resins may be added to the wood oil at 205° C., and the mixture 
held for ten minutes. The temperature may then be raised to 240? C, 
until the desired body is attained when the whole is rapidly chilled. 
This is the best procedure to adopt when the ratio of oil to resin is less 
than 24 oil to 1 of resin. For longer oil mixtures containing this com- 
bination of resins the bodying température can be raised to 260° C. 

Coumarone varnishes have a tendency to bloom when made at tem- 
peratures below 295° C,** but if high temperatures are used to eliminate 
this tendency then, as mentioned already, darkening must be expected. 
Greenfield *? confirms that insufficient cooking causes blooming. 

Tt has been stated that the low acidity of coumarone resins prevents 
the use of driers such as litharge and manganese dioxide. It should be 
emphasised, however, that when drying oils are present these are 
saponifiable, and are capable of absorbing driers irrespective of the nature 
of any resin which may be present, provided that the driers are incor- 
porated by high temperature treatment. It is probably true, however, 
that lead dricrs thus incorporated may precipitate out on standing more 
readily from varnishes containing coumarone resin than from varnishes 
containing acidic resins. Lead resinate is recommended as the best 
soluble form of lead drier for use with coumarone resins to minimise the 
tendency to subsequent precipitation.“ Cobalt resinate is claimed to 
give better results as a drier than the linoleate.?? 


Uses 


The neutrality of coumarone resins makes them valuable components 
of metallic lacquers, insulating varnishes and non-feeding gold-sizes. 
In metallic lacquers low acidity prevents gelation on storage due to inter- 
action of free acid in the medium with the metallic powder. It minimises 
loss of metallic lustre due to prolonged storage or on agcing of the film, 
and prevents the evolution of gases which may, in bad cases, burst the © 
containers. Flotation of metallic flakes also seems to be better in 
films of low acidity although this property is influenced also by viscosity 
of the film and properties of the thinners present. 

In insulating varnishes coumarone resin is a popular choice because 
its low acidity prevents corrosion of copper wire which might occur during 
stoving or on ageing. Furthermore, it -has a satisfactory dielectric 
strength. Electrical resistivity is claimed to be higher than that for 
shellac. It is used to increase the viscosity of hydrocarbon oils for 
impregnation of insulating paper for cables.25 With insulating varnishes 
some specifications stipulate that the acidity of the dried varnish film 
should be within certain limits, The use of coumarone resin aids in the 
accomplishment of this objective. Coumarone is a suitable resin whether 

used in the short oil type of insulating varnish. for impregnation of coils 
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or in the long oil type used for the manufacture of insulating tape. 
Varnishes for coil impregnation will be based on wood oil with coumarone 
alone or in admixture with ester gum, limed rosin or pure and modified 
phenol formaldehyde resins. 

The cownarone resing used for this purpose should be of a type easily 
soluble in petroleum hydrocarbons, for the presence of aromatic hydro- 
carbons would cause the enamel on copper wire to be softened or removed. 
Varnishes for impregnation of fabric for the production of insulating 
tape will be based on linseed stand oil chieily, with the possible addition 
of wood oil. The resins will be as used for the shorter type of impreg- 
nating varuish recorded above. 

The neutrality of coumarone resins is exploited in non-feeding gold. 
sizes. A very cheap gold-size based on a simple solution of limed rosin 
in white spirit with the possible addition of a little stand ofl sometimes 
feeds with zinc oxide or white lead. This tendency can be reduced eon- 
siderably by the substitution of part of the limed rosin by coumarone 
resin. 

Joumarone resins are chemically inert and they ave resistant to most 
acids, alkalies and salts. Lactic and acetic acids have no effect on them. 

Apart from the fact that coumarone resins are chemically inert they 
are resistant to most acids, alkalies and salts. Lactic and acetic acids 
have no effect on them.?5 

Their alkali resistance makes coumarone resins popular constituents 
of varnishes or sealing solutions for cement or plaster. -Excellent pro- 
teetion can be obtained by wood oil-coumarone resin, wood oil-coumarone 
resin-phenolic resin, or chlorinated rubber-coumarone resin combinations. 
Bituminous compositions for acid resistance may be hardened by the 
addition of coumarone resins. 

Other uses for coumarone resins include their incorporation in: 
gloss oils, media for toy enamels, spar varnishes, floor varnishes, nitro- 
cellulose lacquers, rust preventing solutions for iron amd steelwork, 
media for anti-fouling paints, gold stoving varnishes for tinplate, 
waterproofing compositions for fabric, paper, leather, ete., adhesives, 
in solutions for coating electrodes ot electroplating cells to prevent, 
deposition of metal," in black japans and black lacquers, in printing 
inks, in alcohol resisting finishes, in binding compositions for floors and 
roads, for addition to rubber to produce hardness and gloss, in injection 
moulding 78 and in the manufacture of linoleum. 

When coumarone is used in nitrocellulose lacquers the presence of 
other resins is necessary to provide compatibility since coumarone and 
nitrocellulose are not compatible alone. Ester gum has been suggested 
as à suitable resin for this purpose.?? 
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UREA FORMALDEHYDE RESINS 


The value of urea formaldehyde resins may be attributed chiefly to 
their ready compatibility with alkyds to yield excellent stoving finishes. 

Chemical Constitution Formaldehyde reacts with amides to yield 
resins. Urea is a typical amide. The chemical constitution of the 
final reaction product has been the subject of much experimental and 
theoretical consideration, but it is still controversial. Among workers 
on the subject must be ineluded Goldschmidt, Dixon, Hodgins and Hovey, 
de Chesne, Hölzer, Walter, Hug, Xadowaki, Lüdy, Einhorn and 
Hamburger, Van Laer, Scheibler, Trostler and Scholz, Walter and 
Oesterrich, Walter and Gewing, Bardarelli, and Redfarn.? 

mides.—Amides other than urea, which are recorded as having 
formed compounds with aldehydes, are thiourea, toluenesulphonamide, 
naphthalene monosulphonamide, ethylideneurea.® 

Aldehydes.—Aldehydes other than formaldehyde, which have yielded 
resinous substances with amides, include trioxymethylene (paraformal- 
dehyde}, acetaldehyde, furfural, acrolein, benzaldehyde and aldol. 

Urea and formaldehyde are condensed together in aqueous solution. 
Alternatively, the reaction may be conducted in a solvent, when the 
resultant resin has better solubility.® 
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A 40 per cent solution of formaldehyde and urea are heated to yield 
&resin.* The reaction may be facilitated by the addition of small amounts 
of acidie or alkaline condensing agents. 

Acid Comdensing Agents. — Acid condensing agents are sulphuric, 
hydrochloric, nitric, phosphoric, acetic, oxalic and tartaric acids,’ as well 
as acid salts. 

Alkaline Condensing Agents.—Alkaline condensing agents are sodium 
acetate, borax, ammonia, hexamethylenetetramine and pyridine, ® 
| Other Condensing Agents—Other condensing agents include carbon- 
ates of lead, zinc, calcium and magnesium, titanium oxide, hydrogen 
peroxide,” the citrate, tartrate and lactate of titanium, aluminium salts 
for aiding in the production of the primary condensation product, low 
melting-point monohydrie phenolic compounds, and sulphonated amides. 
Powdered zine is stated to retard catalysis.’ 


Reaction between Urea and Formaldehyde 


In Absence of Solvents—Zine chloride (57 pts.) is added to 37 per 
cent aqueous solution of formaldehyde (275 pts.) after which urea (100 
pts.) is stirred in. Condensation at ordinary pressure is effected in a 
few seconds by adding aqueous formaldehyde solution to fused urea in 
the presence of an acid catalyst.° The solid polymer of formaldehyde 
is mixed with urea or thiourea and maintained at 15°~35° C. until tho 
amell of formaldehyde disappears.! 

The importance of the hydrogen ion concentration during con- 
densation has been emphasised by Redfarn. He suggests that 4-5 
a satisfactory figure and that this is attained. by means of formic acid 
which may be derived from formaldehyde. 

Urea and formaldehyde are blended with an acidic solution of hydrogen 
ion concentration of 4-7, and these limits are maintained during con- 
densation by heat, by the addition of an inert buffer. Urea (1 mol.) is 
added gradually to a 40 per cent aqueous formaldehyde solution (2 mols.), 
addition of dilute acid of hydrogen ion concentration 1-5 causes pre- 
cipitation of the resin which is removed, washed and dried. A sulphite 
condensing agent is used for the initial condensation stage of urea and 
formaldehyde, and a small quantity of acid is added for the completion 
of condensation. It is suggested also that softening agents may be 
incorporated during condensation. 

In Presence of ‘Solvents. —Condensation is effected in the presence of 
solvents such as alcohol. Urea and formaldehyde are condensed in the 
presence of butyl alcohol. A resin soluble in butyl alcohol, permitting 
the addition of substantial amounts of aliphatic and aromatic hydro- 
carbons is obtained. Reference is made, elsewhere to the use of solvents 
for the reaction containing at least one hydroxyl group, and of -high 
" molecular weight saturated or unsaturated alcohols. 
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A resin soluble in hydrocarbons is obtained by reacting urea or 
thiourea and formaldehyde in alcohols. Acetaldehyde or henzaldehyde 
may partly replace formaldehyde. Alcohols such as ethyl, butyl and 
propyl alcohols are used at their boiling-points, but higher boiling alcohols 
such as mono-ether of ethylene and diethylene glycol and cyclohexanol 
are maintained below 120° C. The use of octyl alcohol has become 
popular. Water should be absent but volatile acidic catalysts like formic, 
acetic and hydrochloric acid are used. Water eliminated by the reaction 
is distilled off as produced4 

Amounts equivalent to one molecule of urea and two molecules of 
aqueous formaldehyde in butyl alcohol are heated to the methylol stage. 
Formic acid (0-06 per cent) is added and the whole refluxed under reduced 
pressure below 80° C. for thirty to sixty minutes. Any butyl alcohol 
distilling off with the water is replaced as it is lost. Distillation is carried 
out finally at ordinary pressure, until à quantity of water equivalent to 
two molecules has been collected.4 Condensation of urea and formal- 
dehyde may be effected satisfactorily in the presence of primary, second- 
ary, tertiary or polyhydric alcohols. After the reaction the product is 
neutralised with the lactate, chloride, carbonate or acetate of ammonium, 
an amide or a derivative thereof. The function of these agents is to 
remove free formic acid. A solution of acetanilide in water is stated to 
confer fluidity upon the reactants to permit easy dehydration. ë In 
another process urea, formaldehyde and ammonium lactate, chloride, 
acctate or carbonate, or an amide or derivative thereof, are reacted 
together. After the reaction, methyl aleohol and then silica, zinc or 
aluminium oxide are added. The solution, after boiling, is filtered to 
remove insoluble matter, aqueous acetanilide is added and the whole 
dehydrated.!5 In order to conduct the reaction under anhydrous con- 
ditions, anhydrous butyl aleohol is used with calcium chloride.’ Acid 
condensation of the methylol compound of urea is conducted in ethyl 
or butyl alcohol with higher aleohols such as those obtained from the 
acids of palm kernel oil. The product is neutralised with trisodium 
phosphate, and after solvent is distilled off, the residue is heated at 80°- 
180° C, until a hydrocarbon soluble resin is obtained.!? 

‘The use of anhydrous conditions is emphasised in a patented process,!® 


which specifies the use of anhydrous reactants and an anhydrous reaction 
solvent. 


Resin Formation 


Alkaline Condensing Agents—Although most of the published work 
is concerned with the use of acid condensing agents, alkaline condensing 
agents, as indicated already, may be used also. A mixed reaction 
solvent of water and organic ester is used to condense urea or thiourea, 
with formaldehyde, in the presence of alkaline compounds. Organic 
solvents are formates or acetates.2° | 

L5 to 2-5 mols. of formaldehyde are condensed with one molecule 


216 


Synthetic Resins--OUrea 


of urea or thiourea in the presence of small amounts of methylamine, 
ethylenediamine, or a phenylenediamine and a weak acid. Other 
nitrogen compounds which may be used for condensation of urea with 
formaldehyde include amylamine, aniline, and hydroxylamine, and the 
reaction is stopped by the addition of compound which neutralises the 
nitrogen compound with the formation of an inactive addition compound,” 

Activated charcoal is used to sbsorb acidie bodies produced during 
condensation or it may be added to the reactants before the reaction is 
started. In the former instance resins of exceptional paleness are ob- 
tained. When charcoal is added before the reaction is conducted a 
description of the method is as follows: urea (600 pts.) is dissolved in 
37 per cent formaldehyde (1620 pts). "Fo this solution activated char- 
coal (SO pts.) is added. After filtration the mixture is held at 100? C. 
for eight hours. 

Methylolureas.-—Resins may be prepared also by first. forming methyl. 
olurcas. These are merely condensation products of urea and formal. 
dehyde. Dimethylolurea, melting-point about 126° C., can be made by 
reacting together urea and formaldehyde in the presence of barium 
hydroxide. Resins are obtained from methylolureas by continued 
heating or by the addition of busie or acidie compounds. Dimethyl- 
olurea ean be prepared also under acid conditions. Subsequent heat 
treatment at 1257-150? C. yields a resin. 

Another method of treatment of dimethylolurea consists in adding 
urea to a boiling aqueous solution of it. Water is removed by vacuum 
distillation and the product is polymerised further by acid treatment. 
The function of the urea is to react with any formaldehyde eliminated 
during subsequent condensation.” 

Ethylidene urea—Ethylideneurea, made by reacting urea and 
acetaldehyde together in the presence of an acid for several days at 
ordinary temperature, is reacted further at 70° C. with formaldehyde to 
yield a resin? 





Modified Urea Formaidehyde Resins 


Many modifications of the simple urea formaldehyde condensation 
product have been attempted, but the most interesting and useful from 
the varnish maker’s point of view are those which possess improved com- 
patibility and solvent properties. Urea base resins are now available 
which are soluble in or which permit considerable dilution with both all- 
phatie and aromatic hydrocarbons. In addition they are miscible with 
ordinary and bodied vegetable drying oils. 

This improvement in solubility is affected by the introduction of suit- 
ablealiphaticalecholsinto the urea-formaldchyde product. . Aleohols which 
are used for this purpose inchide butyl, amyl, octyl and capry! alcohols. 

The following patented process gives some idea of the type of pro- 
cedure involved. Formaldehyde and urea are condensed together at 
60?—90? C. in the molecular ratio of 2:5 : 1. under alkaline conditions, until 
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80 per eent of the formaldehyde has reacted. After removal of water 
under vacuum, the produet is etherified by heating with an excess of 
monohydüdrie aleohol under slightly acid conditions, until homogeneity 
is attained. 

The other method. of improving general compatibility i is by the intro- 
duction of melamine into the urea and formaldehyde reactants, and 
composite resins of this type are marketed. Urea formaldehyde resins 
soluble in vegetable oils are mace by fusing the reaction product of urea 
and formaldehyde with fatty acids, vegetable oils, hydrocarbons, or 
high boiling esters.?® A urea formaldehyde product made in an alcoholic 
solvent is heated with an ester derived from fatty acids and polyhydric 
alcohols, containing a minimum of one free hydroxyl group. The re- 
action is conducted in a solvent which is not miscible with water and 
continued until the resultant product is soluble in aromatic hydro- 
carbons.?* 

A low temperature stoving medium is derived from an oil modified 
urea formaldehyde resin made by the interaction in alcohol of urea, 
formaldehyde and a vegetable oil fatty acid at 100? C9 Furfural, 
urea and wood oil have been condensed together.2?7 Urea and phthalic 
anhydride are first reacted together and the product reacted further 
with an aldehyde to form a resin.?8 

A product for making textiles resistant to corrosive attack, is derived 
from a compound made .by condensing urea and cresylic acid with 
formaldehyde in the presence of zine acetate. After dehydration this 
is blended with an alkyd resin.®!  Thionrea, urea, glycol monoacetate 
and formalin are reacted together in the presence of caustic soda to yield 
a resin? The product of phthalic anhydride (4 mols.) and glycerol 
(3 mols.) is refluxed with urea and formaldehyde in butyl alcohol. A 
resinous coating composition is obtained. 6 

One to 5 per cent of an organic peroxide is heated with an oil modified 
alkyd. The product is combined with a condensation product of urea 
and formaldehyde. 

In the production of alkyd-urea formaldehyde polymers an excess 
of polyhydric alcohol may be used, e.g. an unmodified or oil modified 
alkyd containing an excess of polyhydric alcohol is reacted with the 
urea formaldehyde product. The resin derived from unmodified alkyd 3 
is stated to be miscible with oil modified alkyds and is soluble in hydro- 

carbons.3& 

Urea (1 mol), formaldehyde (1 to 2 mols.) and hexamethylenetetra- 
mine (0-1 to 1 mol.) are reacted together. Urea may be partly substituted 
by aniline, phenol, thiourea, acetamide, or oxamide. Other modifying’ 
agents which may be added include glycerol, starch, gums arabic and 
tragacanth, and  glue.9 Intercondensation of urea formaldehyde 
resins has been conducted with phenols, and long chain unsaturated 
alcohols, and sulphonamides.?® Urea resins may be modified by the 
addition of polymerised fl-hydroxytrimethylene sulphide.1? 
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The condensation product of a carbonic ester with formaldehyde 
is reacted in an alcohol under acid conditions, with the condensation 
product of urea and formaldehyde produced in the presence of an alkali, 


Properties and Uses 


Condition.—Urea formaklebyde resins are practically colourless. 
They may be obtained in the form of plastic masses or brittle lumps. 
It is common also to use viscous solutions of these resins. 

Solubility —They are soluble in alcohols, cyclohexanone, ethers of 
methyl, ethyl or butyl glycol, and diacetone alcohol; some types are 
soluble in aromatie hydrocarbons, Solutions in butyl aleohol tolerate 
dilution with aliphatic or aromatic hydrocarbons. 

Liffect of Heat-—-The resins provide hard films on stoving, and as in- 
dicated already they are especially suitable for use with alkyds, with 
which they are miscible and on which they confer hardness, Further- 
more, they reduce the stoving time of alkyds substantially. 

The hardness of urea formaldehy de resins or of compositions con- 
taining them is exploited in protective films for surfaces subjected to 
abrasion, rubbing or rough handling. On stoving urea resins, formal- 
dehyde is evolved and good ventilation is essential. "Temperatures over 
the range 1807-240? F. are the most satisfactory. The resins are re- 
sistant to the action of light, in that they show uo yellowing tendency. 
They withstand high temperatures without showing signs of serious 
decomposition, and Hodgins and Hovey make a point ‘of heat stability at 
400° F. Sanderson also confirms colour retention at high temperatures.“ 

Plasticisers.—A film of pure resin obtained by stoving is not of much 
value in itself as it has a tendency to brittleness and has rather poor 
adhesion. This may be remedied by the addition of plasticisers, including 
castor oil, blown castor oil, tricresyl phosphate, esters of phthalic acid, 
among which is included methyl cyclohexyl phthalate, esters of sebacic 
acid and alkyds.t4 Alkyds are recommended as plasticisers because 
they show no tendency to sweat out. 

Chemical Resistance—Stoved films are chemically resistant and 
resistant to the action of solvents. Resistance to solvents and chemicals 
is increased by the addition of hydroxynaphthoic, gallic and salicylic 
acids to solutions.* 

Acidity-—The low acidity of urea formaldehyde resins makes them 
useful in the production of stoving metallic lacquers. 

Stability. of Solution—When mixed with alkyd resins the solutions: 
are not always stable, and careful selection of solvents is necessary if 
excessive stoutening or separation is to be avoided. Hodgins, Hovey 
and Ryan, however, state that admixture with alkyds improves. the 
keeping qualities of urea formaldehyde solutions.*® 

The addition of semicarbazide or carbo-hydrazide to urea formal. 
' dehyde resins induces stability against precipitation? 
Analysis.—Solutions of uréa resin in butyl aleohol can be analysed 

219 


Varnish Constituents 


by decomposing the resin, subjecting the alcohol or aldehyde to oxidation 
and titrating the fatty acids obtained. Nitrogen determinations using 
the Kjeldahl method provide the basis for urea content calculations. 

Hardening Agents —Urea formaldehyde films can be hardened at 
ordinary temperatures by the addition of acidie compounds. The 
following acids which may also act as plasticisers have been used for 
this purpose: lactic, pyroracemic, hydroxypyroracemic and glyceric 
acids. Other acids which promote hardening inelude hydrochloric, 
sulphuric, phosphoric, hydrofluoric, and formie acids. Sulphuretted 
hydrogen, sulphur dioxide and disodium phosphate have been used also.*? 
The effect of acidic substances on the rate of hardening is further illus- 
trated in the claim that acidic pigments decrease the stoving time of 
urea formaldehyde films. Alkaline pigments have the reverse effect. 

Other compounds which act as catalysts are B-naphthyl thiolbenzoate, 
and thiol or dithiol phthalate. 

Other Properiies-—Urea, formaldehyde resins have greater trans- 
parency to light than the corresponding products from thiourea or 
meth ylurea 59 

A defect of urea formaldehyde films is their inferior water resistance 
particularly on immersion, 

Uses —Urea formaldehyde resins are used in moulding compositions, 
in stoving metallic lacquers with alkyds, in non-yellowing meclia for 
refrigerator finishes, in glass substitutes transparent to ultra-violet 
light, in safety glass manufacture, in adhesives, in clear lacquers for 
metals, in nitrocellulose lacquers, in impregnating solutions for textiles 
and paper, in hat stiffeners, and in cold hardening or low temperature 
stoving finishes for wood. 
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MELAMINE RESINS 


The basis of these resins is melamine, which is known also as 1.3.6. 
triamino 2.+4. 6-triazine. 
Its formula ean. be represented as 
NH 
"^ 


ο ΘᾺ 
NH-C j= NE 


da " 
NZ 
J 


although it exists in three tautomeric forms. 

Melamine i isa highly reactive substance, containing three amino groups. 
From the condensation with aldehydes resins are obtained. Reactive 
modifying agents are included also if desired. 
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Varnish Constituents 
Properties 

Compatibility Melamine resins show improved compatibility gener- 
ally by comparison with the urea formaldehyde types. Beetle resin 
52 is a typical melamine resin, and like many similar resins it is available 
as a solution in butanol. This may be diluted extensively with ethyl 
and butyl alcohols, ethyl, butyl and amyl acetates, acetone, glycol ethyl 
ether, aromatic hydrocarbons and turpentine. Substantial amounts of 
white spirit may be added also before precipitation occurs. 

Alkyds have been specially developed as plasticisers, and excellent 
compatibility is shown by alkyds modified with both drying and non- 
drying oils. Compatibility with the usual range of plasticisers is good, 
and better than with urea formaldehyde resins. Melamine resins have: 
been suggested for admixture with natural copal-linseed oil varnishes, 
vegetable oils and urea formaldehyde resins. 

Compatibility with cellulose nitrate is excellent. 

Thermosetting Properties—Melamine resins are thermosetting, and 
temperatures as low as 180°-220° F. are effective, the duration of heating 
varying from half to one hour. At 250? E., ten to twenty minutes’ 
heating suffices. These stoving conditions are an improvement on 
those used for urea formaldehyde resins, which require half to one hour's 
heating at 250° F. 

The hardening of melamine resins on heating has been studied by 
Kohler, who followed the process by estimating the reduction in solu- 
bility in pyridine.? 

Heat Stabilitgy.—Another outstanding feature of these resins is their 
resistance to degradation on heating. Maintenance of colour, gloss, 
and adhesion, at 400° F., is possible with combinations of melamine 
resin and alkyd plasticiser. 

The comparative heat instability of urea formaldehyde resins has 
been attributed to the presence of the carbonyl group, which is, of course, 
absent in melamine resins. Melamine resins also possess good light 
resistance. 

Chemical Resistance.—Melamine resin finishes show superior resistance 
than urea formaldehyde resins to water, acids, alkalies and solvents. 

Durability-—There is not much published work on the durability of 
melamine resins, but there are indications that it is superior to urea 
formaldehyde resin for resistance to chalking in pigmented enamels. 
Sanderson reports that certain air-drying alkyds, especially when used 
with oxidation inhibiting pigments, show improved weather resistance 
after additions of melamine resin.? 

Electrical Properties,—Heat-hardened melamine resin is a good 
electrical insulator and has excellent non-tracking properties. 


Uses 


The chief use of melamine resins is in the production of non-yellowing 
stoving enamel media, in conjunction with alkyds, their property of 
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vapid hardening at low temperatures being valuable in reducing heating 
costs and increasing output. "These types of enamel are used on re- 
frigerators. 

Resistance to petrol, grease and lubricating oil promotes their use 
in finishes for motor-cars. 

Heat resistance is exploited in finishes for radiators, heaters, irons, ete. 
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POLYSTYRENE RESINS 


Polymerisation Mechanism.—Polystyrene resins, as their name implies, 
are simple polymerisation products of styrene. The mechanism of the 
polymerisation process and the molecular strneture of the polymers 
obtained have been studied by a small army of workers among whom 
may be included: Staudinger, Dostal and Mark, Risi and Gauvin, Rof, 
Staudinger and st einhofer, Mizushima, Morino and Inoue, Midgley, 
Henne and Leicester. de Boer, Houwink and Custers, Signer and Weiler, 
Whitby, Flory, Signer and Gross, Shulz, Shula and Husemann, Bergmann, 
Suess, Pilch and Rudorfer, Norrish and Brookmann, and Prettre.+ 

Factors Influencing Speed of Polymerisation.—Polymorisation of 
styrene may be effected on styrene alone or in a solvent. It may be 
aided by the presence of heat, light, electromagnetic fields,* and catalysts. 
Catalysts may be oxidising, acidic or alkaline compounds. 

The rate of polymerisation of styrene to form a resin increases with 
increase of temperature. At 100? C. polymerisation of styrene requires 
three days; at 200? C. the requisite time is only thirty minutes. 

The Effect of Temperature of Formation on Resin Properties ~The 
resins obtained at low temperatures are claimed to have higher molecular 
weights than those from high temperature treatment. Stanley records 
that the mean molecular weight of styrene polymers is constant for any 
given temperature of polymerisation and is independent of the extent 
of the polymerisation reaction.5 Properties of styrene polymers vary 
with temperature of formation. The resin formed at low temperatures 
is tough in contrast to the brittle resin resulting from high temperature 
treatment. ‘Differences in solubility also occur. The high temperature 
polymer is soluble in ether but the low temperature product is insoluble.® 
"The more highly polymerised the resin the greater the viscosity of the 
resultant solution. A slow polymerisation at low temperature yields 
resins with good electrical and mechanical properties. When poly- 
merisation is conducted at 85°-90° C. resins of improved rigidity are 
obtained. The resins are also claimed to have good heat resistance and 
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good electrical properties. Mince temperature ot polymerisation influences 
the degree of polymerisation and this in turn controls the compatibility 
of the resultant resin. then it follows that temperature of resin formation 
controls compatibility. Stanley states that polystyrene of molecular 
weight 2000-3000 can le incorporated with drying oils. Jordan confirms 
that certain types of styrene resins can be dissolved in linseed oil,’ 
Increasing the molecular weight of styrene polymers improves the 
mechanical properties. 

» Among other characteristics of polystyrene resins which vary with 
molecular weight of polymer ave appearance, melting-point and solubility. 
Low molecular weight polymers are liquids, and as the molecular weight 
increases the resin changes to a white powder and finally to a fibrous 
condition. Fhe melting-point gradually increases with degree of poly- 
merisation whilst solubility in ether deereases.? 

Polymers with molecular weights of the order of half a million are 
now produced, but all such claims of high molecular weight products 
must be received with cartion, because of the difficulties of accurate 
measurement. , 

Another interesting fact concerning the influence of temperature on 
the properties of the resin obtained is that by maintaining a styrene 
polymer at a temperature (80%--150° C.), substantially below its depoly- 
merisation temperature for a long time, it is possible to raise its softening 
point above 66? C. The final product is said to be heat resistant.® 

Polymerisation of gaseous styrene has heen effected by heating at a 
temperature of 34970, Products possessing a molecular weight up to 
six times that of the original styrene have been obtained.1¢ 

Maintenance of polystyrene at temperatures in excess of 300° C. 
causes depolymerisation.! 

Catalysts.—lhe rate of polymerisation of styrene is increased by 
subjecting it to the influence of ordinary light, or ultra-violet light.!? 
The presence of activated oxygen or benzophenone and benzanthrone 13 
assisty polymerisation condueted under the influence of light. 

_ Catalysts which have been used to promote polymerisation of styrene 
are oxidising substances including oxygen, perbenzoic acid, benzoyl 
peroxide, benzoyl hydrogen peroxide, hydrogen peroxide, peroxides of 
triphenyl methyl, asymmetrical diphenylethylene, phellandrene, and 
cyclohexene! The presence of peroxides in liquid styrene has been 
given as the reason for the difference in polymerisation rates of liquid 
and gaseous styrene. When polymerisation of styrene is effected in 
the presence of oxygen, oxidation of the product may occur simul- 
taneously. Such oxidation may be catalysed by anthracene, perbenzoic 
acid, iodine, and compounds of cobalt. 

Acids and. acidic substances may be used as polymerisation catalysts 
for styrene. The following acids have been used : hydrochloric, hydro- 
fluoric, sulphuric, chromic, sulphur dioxide, and borofluoracetic acid.t? 
According to Williams, hydrochloric acid, under certain conditions, may 
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act as an inhibitor of polymerisation temporarily, It acta as an inhibitor 
when styrene in carbon tetrachloride is being polymerised with tin tetra- 
chloride as catalyst. A polymerisation reaction which is inhibited 
initially may be due to the use of an impure catalyst, the impurity being 
hydrochloric acid8 Other acidic catalysts for styrene polymerisation 
include aluminium chloride, stannic chloride, boron trifluoride, zine 
chloride and titanium tetrachloride.’ 

Alkaline catalysts for styrene polymerisation include not only sodium 
itself but compounds of sodium and other alkali metals such as hydroxides, 
ete. Organic bases may be used also.?9 

Effect of Solvent on Resim Formation,—Pokymerisation of styrene 
ean be effected in solution. Increase of dilution with solvent reduces 
the rate of polymerisation.?! | 

The influence of concentration in toluene on polymerisation has been 
studied by Dostal and Jorde. The effect of the walls of the reaction 
vessel was studied simultaneously. 

Ti the solvent chosen is a solvent both dor styrene and. polystyrene, 
a solution of resin is ultimately obtained. Alternatively, if a non-solvent 
for the resin is used it is obvious that the resin will separate as formed. 
Among solvents used for styrene polymerisation are: toluene, ethane, 
propane or butane, carbon tetrachloride, tetrachlorethane, dichlorethane, 
ethyl benzene, diethyl benzene, heptane and benzene, xylene, dioxane, 
and decahydronaphthalene.* Catalysts may be used to stimulate 
polymerisation in solution. 

The velocity of polymerisation in toluene is twice that in carbon 
tetrachloride. Mark and Raff have studied the rate of polymerisation 
of styrene in toluene solutions at various temperatures in the range 
60°-98-2° ©. At low temperatures a pronounced induction period is 
reported.24 Styrene, solvent and catalyst, are mixed together and 

-introdneed into a reaction vessel helow — 40° C. As this mixture is 
introduced, the mixture of polystyrene and solvent is removed simul- 
taneously.*5  Brietenbach, Springer and Abrahamezik have shown when 
the polymerisation of styrene is conducted in carbon tetrachloride 
that the reaction products contain, not only polystyrene, but a volatile 
liquid (boiling-point 135° C./0-01 mm.), The composition of this liquid 

' corresponds with an equimolecular mixture of carbon tetrachloride and 
polystyrene. The polymerisation process was conducted at 140° C. for 
five to sixty-three hours.*9 

Polymerisation Inhibiting Agents —Certain substances act as inhibiting 
agents for the polymerisation of styrene. They are sometimes added to 
the reaction mixture to arrest polymerisation.’ Inhibiting agents which 
have been recorded include hydrochloric acid under certain conditions,!? 
hydroquinone, quinone,”? sulphur, cresol and pyrogallol, trinitrobenzene,2” 
and anthracene. The polymerisation of styrene at 100° C. in toluene 
is arrested, temporarily, by addition of hydroquinone. The presence of 
quinone causes the formation of low polymers’? Goldfinger, Skeist 
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and Mark have studied the inhibiting effect of henzoquinone on the thermal 
polymerisation, The length of the induction period was found to be 
proportional to the concentration of the inhibitor, and after this period 
the rate of polymerisation was inversely propor tional to the concen- 
tration. The effect of sulphur on styrene polymers has been examined 
by Jenckel and Uberreiter.** 

Determination of Progress of Reaction —The extent to which poly- 
merisation of styrene has progressed cau be determined by distilling off 
unchanged monomer. On the basis that bromine adds on to polystyrene 
only in negligible amount, Williams traces the extent of polymerisation, 
by adding an excess of bromine to the reaction mixture and back 
titrating. Williams has shown also that the amount of styrene poly- 
moerised, as determined bv bromination, compares with the polystyrene 
precipitated by methyl alcohol”? 


Modifying Styrene Resins 


Many modified or mixed polymers of styrene have been made. A 
resin obtained by the polymerisation of technical styrene exhibited 
abnormal solubility. Although apparently similar to ordinary poly- 
styrene if had poor solubility. This difference in behaviour was 
attributed finally to the presence of minute traces of p-divinylbenzene. 
0-002 per vent of p-divinyl benzene i$ enough to produce insoluble poly- 
mers?  À process is protected in which a resin is produced which only 
swells in benzene without actually dissolving. In it styrene is polymerised 
with 0-05 to 10 per cent of its weight of divinyl benzene.** 

A tough flexib'e resin is claimed by heating a solution of styrene with 
not less than 5 per cent of water? ^ A resin is obtained by heating at 
90° C. a solution of styrene and anisole in carbon tetrachloride, with tin 
tetrachloride as catalyst.** Styrene and vinyl o-methyl valeric ester are 
polymerised together to yield a mixed resin, Mixtures of styrene and 
methyl, ethyl, butyl, cyclohexyl, cetyl or bornyl methacrylate, or 
ethylene glycol dimethacrylate, are polymerised together in the presence 
of sulphur dioxide. Mixed resins are produced incorporating phenol 
or phenolie bodies with styrene. A resin compatible with wood oil is 
made from a mixture of styrene, borofluoroacetie acid, monophenylene 
glycol ether and phenol!” An alkali resistant lacquer is obtainable 
from the product derived by heating styrene and phenolic resin in the 
presence of a monohydric alcohol of boiling range above 80° Ο56 Poly- 
styrene may be hydrogenated under the influence of heat and pressure 
using an aluminium, nickel or cobalt catalyst. Hydrogenation is said 
to confer heat rosistanoe.?" Styrene is polymerised with diene com- 
pounds such as butadiene or dimethylbutadiene** Styrene and vinyl 
esters, including vinyl chloride?’ or unsaturated ketones 4° may be 
co-polymerised to yield resins. Maleic anhydride and styrene can be 
reacted together.to yield resinous substances. Hard resins are obtained 
by polymerising styrene in the presence of small percentages of chlorinated 
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diphenyl. Substituted styrenes such as o and » methyletyrenes and 
o-hydroxystyrene polymerise to yield resins.“ 


Properties and Uses 


Polystyrene resins have not, as yet, enjoyed any great popularity 
in the varnish trade, and this may be attributed in part, at least, to their 
high price. They possess, however, certain excellent properties, and it 
can be predicted safely that they will find a permanent niche for them- 
selves in lacquers for special purposes. 

Solubility.—Polystyrene resins are clear, water-white solids, soluble 
in aromatic and chlorinated hydrocarbons and some ketones and esters, 
but insoluble in aliphatic hydrocarbons, glycol ethers, and alcohols, 
ineluding cyclohexanol.* 

Plasticisers.—Their flexibility can be improved by the uddition of 
plasticisers among which may be included dibutyl phthalate, diphenyl 
phthalate, chlorinated diphenyls, benzyl, dibenzyl, methylbenzyl, di- 
methylbenzyl, phenylethyl, cyclohexyl and chlorinated benzyl derivatives 
of tetrahydronaphthalene, etlivlacetanilide, camphor, triphenyl, tritolyl, 
and tricresyl phosphates, benzyl and methylbenzoyl benzoates, tributyl 
and triamy! citrates, ethyl and butyl oleates, butyl stearate, dixylylethane, 
glycerol dibenzyl ether, diphenylpropane, cresol, or maleic anhydride- 
castor oil reaction products. 

Thermoplasticity.—Polystyrene resins are thermoplastic and this 
property cnables them to be used for injection and pressure moulding. 
They may be applied also to form an outer coating on wire by extrusion 
processes. 

- Electrical Properties —Polystyrene resins have excellent insulating 
properties which are claimed to be comparable with those of mica and 
superior to those of shellac. Ellis states that polystyrene has greater 
insulating power than any other synthetic resin. Matheson and Goggin 
have studied the effect of film thickness on the dielectric strength of 
polystyrene films, When it is necessary to plasticise polystyrene, hydro- 
earbon plasticizers such as diphenyl naphthalene are recommended in 
order not to diminish its electrical properties. This contention is sup- 
ported by Staudinger and Stanley, who record that plasticisers containing 
the elements carbon and hydrogen only do not impair the electrical 
properties of polystyrene, Plasticisers containing polar groupings like 
oxygen diminish electrical properties. 

An insulating composition is claimed from a mixture of chlorinated 
naphthalene and 1 per cent.of polystyrene,*6 

Water Resistance.—Polystyrene can be used in water resistant lacquers 
because of its very low water absorption. If plasticisation is necessary, 
a careful choice of plasticiser should be made to prevent impairment of 
the water resistance. 

According to some workers, the water absorption of films is sub- 

‘stantially proportional to the polarity of their constituents. Polystyrene 
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has good water resistance and is non-polar. Polystyrene has better 
water resistance than benzyl and ethyl cellulose, nitrocellulose, cellulose 
acetate or cellophane, the water absorption increasing in this order!” 

Chemical Resistance —-Polystyrene has good chemical resistance, being 
resistant to acids, alkalis and salts. Resistaneo to hydrofluoric acid is 
claimed.48 A sea-water and alkali resistant lacquer is made from poly- 
styrene plasticised with dibutyl phthalate.t® 

Durability —To obtain the best durability from polystyrene the addi- 
tion of plasticisers is necessary.  I&orzhavin ascribes the ageing of poly- 
styrene films to loss by evaporation of low boiling polymers. He suggests 
a method of formation for a resin in which volatile constituents are 
absent, by polymerising styrene under a slowly rising temperature (from 
40°-160° C.). The heating may occupy from fifteen to twenty days 
and the resultant product is heated for four hours under vacuum at 
1705-1τ07 Οσο 

Adhesion.—The adhesion of metal laequers is improved by the 
addition of coumarone resin, and the following mixture comprising 
polystyrene, ten parts, coumarone, seven parts and dibutyl phthalate, 
five parts in suitable solvent, is suggested." 

Special Uses—Lacquers based on polystyrene have been used’ as 
media for luminous paints. They are used with pigments such as the 
sulphides of strontium, calcium, zine, rubidium and bismuth,* 

Other uses for polystyrene resins include the manufacture of lacquers 
for metal, media for light resistant lacquers and enamels, impregnating 
solutions for fabrics, dope for aircraft, special floor lacquers, emulsions 
for various purposes, and adhesives. 

An aircraft dope is made from polystyrene, vinyl chloride, and 
chlorinated diphenyl dissolved in a mixture of ethyl acetate and acetone.5? 

Heat resistance of polystyrene ean be improved by making certain 
additions. Among the additions effecting this improvement may be 
included acrylo or methacrylonitrile, alkyl phenols, thiophenol, phenol 
sulphides and disulphides.5? 

Application.—Polystyrene lacquers may be applied by brushing, 
dipping or spraying, depending upon the solvents used and other con- 
stituents present, but there is a distinct tendency to. cob-webbing. 
Adhesive coatings may be obtained on metals by cataphoresis.54 
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VINYL RESINS 


Organic Vinyl Ester Resins 


Vinyl esters readily undergo polymerisation to yield resinous products. 
Among the organic vinyl esters recorded in literature, may be included, 
the acetate, propionate, butyrate and mono and trichloracetates, 


Polymerisation of Organic Vinyl Esters 


Effect of Light and Temperature —Viny] acetate resins which are simple 
polymerisation products of vinyl acetate are the most popular of organic 
vinyl ester resins. Monomeric vinyl acetate (b.pt. 73° C.) polymerises 
in the cold when exposed to light. If the influence of light is removed 
polymerisation can be effected by raising the temperature. The presence 
of air or oxygen seems to be essential for heat polymerisation. unless 
temperatures considerably in excess of 100° C. are used.1 

Peroxide Catalysts —Pcroxides have a catalytic cffect on the rate of 
polymerisation of vinyl acetate. Meunier and Vaissiere? claim that 
commercial vinyl acetate contains small amounts of peroxide and ,these 
accelerate polymerisation in closed vessels. Benzoyl peroxide (0-1 per 
cent) has been suggested as a suitable catalyst.2 Mixed peroxides of 
succinic and stearic acids or of adipic and laurie acids have been used.t 
When fatty acid peroxides are used as catalysts they are claimed to 
yield highly polymerised products with good solubility.” Other catalysts 
include acetyl benzoy! peroxide (0-15-0-3 per cent), ozone, ozonides and 
uranyl nitrate, copper metal precipitated on silica gel, Kieselouhr, Florida 
earth, boron trifluoride, lead tetraethyl, hydrochloric acid, the reaction 
product of acetic anhydride and sodium perborate, the reaction products 
of aliphatic anhydrides and hydrogen peroxide or sodium peroxide,® 
and aqueous solutions of calcium or barium peroxides." 

Catalyst Assisters—Addition of ammonia, hexamethylenetetramine, 
oxides of zinc or magnesium, sodium hydroxide, or borates and phos- 
phates of the alkaline metals to aqueous solutions of calcium or barium 
peroxide greatly improve their catalytic effect.’ 

Waiter is claimed to have a stimulating influence upon benzoyl peroxide 
when this is used as a catalyst. At 100° C., under pressure, using benzoyl 
peroxide, the addition of water improves the yield of polymerised vinyl 
acetate from 55 to 80 per cent. Yamada, however, states that the 
. presence of water has an undesirable effect. Polymerisation of vinyl 
acetate or chloride is effected by heating at 40° C. with benzoyl peroxide 
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and eatalyst-assisting metals such as aluminium, tin or lead.” Acetyl 
benzoyl peroxide is said to be a better catalyst than benzoyl peroxide.!? 

The application of pressure facilitates the polymerisation of vinyl 
acetate and enables lower temperatures to be used." Stirring increases 
the speed. of reaction. 

Polymerisation Inhibitors. — Polymerisation of vinyl acetate under 
cold conditions by the action of light is inhibited by the presence of 
oxygen. The retardation of photopolymerisation is stated to be due to 
absorption of atmospheric oxygen. 

Antioxidants such as sulphur may prevent the normal polymerisation 
of vinyl esters. Their influence may be eliminated by the addition of 
benzoyl peroxide.48 

Polymerisation in Presence of Solvents ——The polymerisation reaction 
is exothermic and may become violent. It is moro easily controlled if 
it is conducted in the presence of a solvent. Among solvents suggested 
are, dichloroethylene, trichloroethylene, toluene, benzene, alcohols, 
butyl and ethyl acetates, methyl ethyl ketone, ethyl dichloride, chloro- 
benzene, petroleum ether, ether, and di-n-butyl ether, chloroform, acetone, 
eyclohexane and cyclohexanol. 

Adjustments in Method.—lho violence of the reaction is more easily 
controlled if water is added during polymerisation. If water is added 
in the late stages of the polymerisation, harder resins result. 

To produce a vinyl ester resin insoluble in toluene, the polymerisation 
is conducted below 60° C. in a solvent whose solvent power is similar to 
that of toluene.16 

Aeration of polymerised vinyl acetate is removed by warming the 
product to soften it, under an inert liquid like water, castor oil, hydro- 
carbon oils or alcohol, and applying pressure.” Clarification of solutions 
of vinyl resins is effected by adding an acidic coagulant to cause coagula- 
tion of colloidal suspended matter which is removed by filtration, 
Coagulants include succinic, salicylic, phosphoric, tartaric, citric and 
lactic acids.18 . 


Modified Vinyl Ester Resins 


Modified vinyl ester resins, in addition to mixtures of acetate and 
chloride which are discussed at greater length later, are recorded. Vinyl 
esters have been polymerised in the presence of polymerised fatty oils. 
Vinyl acetate is polymerised in the presence of non-oxydised drying oils, 
e.g. a mixture of raw linseed oi! and vinyl ester in toluene is polymerised | 
using benzoyl peroxide as catalyst.1® A modified resin is made by ad- 
mixture of styrene with a vinyl ester of an aliphatic carboxylic acid.?° 

During the polymerisation of vinyl acetate on the commercial scale, 
traces of a polymer are formed which are insoluble in the usual organic 
solvents. 

Replacement of the acetate radical in polyvinyl acetate is 
_ accomplished by heating with acids. When a solution of polyvinyl 
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acetate in benzene is boiled with formic acid, acetic acid can be boiled 
off. Butyric acid can be used in place of formic acid. Rosin, Manila 
copal, naphtheuie, stearic, ricinoleic, citric, tartaric and lactic acids can 
be treated thus. The rosin compound is miscible with linseed oil.” 

Extraction of vinyl chloride or vinyl acetate products with solvent 
permits the removal of low molecular weight polymers. Suitable solvents 
include henzine, alcohol and aliphatic ethers.?* 


Tyorcasxic Vinyt EstER RESINS 

Vinyl halides (chloride and bromide) polymerise under the action of 
heat in the presence of catalysts, or under the action of light. 

Polymerisation Catalysts —Catalysts assisting polymerisation by 
light include salts of cobalt, nickel, copper, manganese, uranium and 
vanadium. Catalysts assisting heat polymerisation of vinyl chloride 
include benzoyl peroxide, barium peroxide, ozone, ‘trioxymethylene, 
lend tetraethyl, and hydrochicric acid. -Waterman, Laendertse and 
Colthoff have suggested aluminium chloride as a suitable catalyst.“ 

Hydrogen peroxide is claimed as a very good catalyst for polymer- 
isation of vinyl bromide.*® 

Like vinyl acetate the polymerisation of vinyl chloride can be con- 

ducted in solution and has also been conducted under pressure. 

Polymerisation is retarded by iron or bronze ?* bub accelerated by 
glass, 

A polymerised vinyl chloride which is insoluble in methylene chloride 
can be depolymerised by heating with an acid or acid salt to become 
soluble in methylene chloride.?4 


Modified Vinyl Ester Resins 


Modifications of vinyl resins have been recorded. Thus vinyl chloride 
has been polymerised with formaldehyde, acrolein, unsymmetrical di- 
ehlorethylene, trichlorethane, or butadiene and an oxidising catalyst.2? 
A resin which, on further heating, will yield an infusible film is obtained 
from a mixture of polymerised vinyl chloride and a partly polymerised 
alkyd resin. The alkyd resin is comprised of glycerol, ethylene glycol, 
phthalic anhydride and adipic acid.?8 Polyvinyl esters can be reacted 
with drying oil stand oils to yield air drying, non-yellowing,. water, alkali 
and light resistant films.” 


Mixzp OnGANIO AND ImoncANi10 Vinyt Estar Rests 


These are very popular combinations. The esters may be poly- 
merised together under the same conditions as used for polymerisation 
of the individual esters. A resin formed by co- polymerisation in this 
way, contains both components chemically combined in the resin mole- 
cule, and so differs from a simple mixture. Vinyl chloride and a vinyl 
_ ester of a lower fatty acid are polymerised together. A mixed vinyl 
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resin which is substantially insoluble in toluene is made by polymerising 
vinyl chloride 4 parts and vinyl acetate 1 part, in the presence of benzoyl 
peroxide. A resin suitable for baking on rubber is obtained by poly- 
merising a mixture of vinyl chloride (80-90 per cent) and vinyl 
acetate.3° 

Vinyl chloride and vinyl acetate are mixed together in butane in a 
lead-lined autoclave and heated to 30° C. in the presence of acetyl benzoyl 
peroxide. Since butane is a solvent for the monomers but a non-solvent 
for the polymers, the former are readily separated from the latter by 
filtration. If during the polymerisation reaction the polymers are re- 
moved as quickly as they are formed, and this is possible because of their 
insolubility in butane, then the concentration of monomers can be kept 
constant. 


Properties of Vinyl Acetate and Vinyl Chloride Resins, including 
Mixed Resins 


Vinyl ester resins are very pale iu colour, being normally water white. 
They possess a faint swect smell or are complotely odourless, and they 
soften on heating. They are nob extensively used as yet in varnish and 
lacquer manufacture although they have special applications. Lilley ?* 
attributes the slow growth of interest in vinyl ester resins to the following 
factors: they yield solutions of high viscosity and they require expensive 
solvents, they are costly in themselves and have poor exterior durability. 
Further, they tend to disintegrate under the influence of heat or light. 

Solubility—Vinyl acetate resins are fairly soluble in low molecular 
weight alcohols, but more rapid solution is attained using mixtures of 
alcohol containing 5 per cent water or turpentine? They are soluble 
in low molecular weight esters but are insoluble in both high molecular 
weight esters and alcohols. Other solvents include aromatic hydro- 
carbons, acetone, methyl ethyl ketone, anisole, chloroform, aniline, and 
nitrobenzene. Other non-solvents include petroleum hydrocarbons, and 
ether, Vinyl chloride resins are soluble in chlorobenzene, acetone, 
methyl cyclohexanone, mesityl oxide, tetrahydrofurfuryl aleohol and 
toluene, although their solubility is dependent upon the molecular 
weight of polymer present. 

For vinyl acetate-chloride resins, Doolittle ** states that the best 
solvents are ketones and that hydrocarbons are merely diluents. Esters, 
ethers and alcohols are said to cause precipitation or gelation. A lacquer 
is made from a mixed vinyl resin by dissolving it in a mixed solvent 
comprising dipropyl ketone and methylisobutyl ketone with a hydro- - 
carbon diluent.?5 

Plasticisers.— Plasticisers for vinyl resins include Cetamol QU, 
Clophen A 60, Desavin, tributyl, isobutyl, cresyl and phenyl phosphates ; 
phthalates, Palatinols BB, C, HS,.L and O; Plastomoll 8.W., T oil, 
Vulkanol B, dibutyl] and amyl tartrates, triacetin, diallyl: succinate, 
triallyl citrate, B-chlorethyl phthalates, succinates, or maleates, esters’ 
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of cyelohexene-1, 5-diearboxylie acid, acetophenone, toluene sulphou- 
amides, and glyeollates. Dodecyl linoleate and coconut alcohol esters 
of elaeosteuric acid, dicetyl phthalate, organic sulphones and aliphatic 
esters of diacetoxystearicacid, are plasticisers for polyvinyl chloride resin.*° 

Plasticised polyvinyl chloride pastes are made by dissolving into a 
suitable ester plasticiser by heating, amounts of polyvinyl chloride until 
the plasticiser content is 38-80 per cent by weight of the final product. 
The temperature of solution is maintained below 70° 0.57 

The Action of Light and Heat.—Much has been published concerning 
attempts to preveut disintegration of vinyl resins by light and heat. 
Discoloration by light is stated to be prevented by adding to the vinyl 
resin a phenolic compound having one hydroxyl group and an ortho 
alkyl substituted carboxyl group. Other light stabilising agents which 
are mixed in small amounts with the resins are resorcinol disalicylate, 
resorcinol dibenzoate, phenyl phthalate, phony] benzoate, o-tolyl benzoate, 
o, m and p-tolyl salicylate.3¢ 

Incorporation of light stabiliser (1-5 per cent) can be effected by 
milling in the resin at 110? C. Alternatively, stabiliser and resin may 
be precipitated from a solution in a suitable solvent by addition of water. 
Stabilisers which may be incorporated by these methods are given as 
eugenol, guaiacol, o-nitrophenol, o-nitraniline, triethylene glycol salicylate 
and ethylene glycol monobutyl ether salicylate. When these materials 
are added in larger quantities they may serve as plasticisers.?” 

When vinyl resins are heated in the presence of iron or its compounds 
discoloration may occur. 

Zine and tin surfaces also cause decomposition of vinyl resins on 
stoving, with elimination of hydrochloric acid.5 

Vinyl chloride resins do not decompose on phosphatised iron surfaces.38 
Inhibitors of such discoloration include urea, methyl urea, urea oxalate, 
thiourea, diethyl thiourea, triethanolamine, dipropanolamine, henzyl- 
amine, dibenzylamine and triamylamine.3? 

An inorganic lead compound capable of forming insoluble chlorine 
compounds is added to a mixed vinyl halide-vinyl acetate resin to prevent 
decomposition by heat. Other heat stabilising agents for the mixed 
resin are aluminium, cadmium, magnesium, cadmium sulphide and sulphite, 
cerium sulphite, sodium sulphite, strontium sulphite and manganese 
silicate; 05-3-0 per cent calculated on tho resin, of lead and tin stearates 
or oleates, or organic compounds of lead and tin such as Pr;Pb, PrSn, 
Ph,Pb, Ph,Sn, PrPbPh, Pr,SnPb, Pr,PbPh, Ph,PbOH, Ph,PhO, 
Ph;SnOH, Ph,SnO, PrPh,PbOH, PrPh,SnOTH 49 

Heat stabilisers which have either a slight reducing action or which 
form insoluble chlorine derivatives are oxides of antimony, bismuth, 
copper and mercury ; sulphites of silver and calcium, silicates of copper 
and magnesium, metallic copper, mixtures of lead sulphite and basic 
lead sulphate and sublimed blue lead.. Heat and light stability is ac- 
complished by polymerising vinyl chloride in the presence of small 
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amounts of acids such as acrylic, methacrylic, itaconie or maleic acids. 
The resultant products are treated with a dilute solution of alkali. 
Other stabilising agents are glycerine, leucine, alanine, glue, gelatin, 
asparaginic, o and » amino benzoic and sulphanilic acids. Blends of 
vinyl chloride and acetate are stabilised by the addition of hexamethylene 
tetramine ; salts of weak acids with cadmium, lead, manganese, alkali 
or alkaline earth metals, the weak acid radicals including stearates, 
palmitates, oleates, ricinoleates, abietates, linoleates, laurates, acetylated 
- ricinoleates, and oxidised ricinoleates. Copper oleate, butyl and methyl 
salicylates are also used,#! 

Adhesion —Adhesion of mixed resins is improved by polymerising 
vinyl chloride and vinyl acetate with acetyl benzoyl peroxide in the 
presence of 1 per cent of allyl crotonate, ethylene glycol dicrotonate, 
divinyl ether or divinyl acetal" The adhesion of air-dried coatings is 
not outstanding, but stoving produces improvement. Polyvinyl acetate 
has good adhesion, but polyvinyl chloride has poor adhesion, A mixed 
resin is an improvement.® 

The Relation of Resin Properties and Molecular Weight.—Vinyl resins 
have high molecular weights. The molecular weight distribution of vinyl 
ester polymers is determined either by solvent extraction, fractional 
precipitation or by means of the ultracentrifuge. Information on frac- 
tionation and size distribution in vinyl acetate polymers has been given 
by Blease and Tuckett.5 The extent of polymerisation has an important 
bearing on the physical properties of the resin. Properties such as 
elasticity, tensile strength and impact strength, inerease rapidly with 
molecular weight at low molecular weights, but the increase is not so 
marked at higher molecular weights. 

Other properties such as’ refractive index, hardness and water 
absorption appear to he independent of molecular weight.“ As the 
degree of polymerisation increases solubility decreases, but viscosity 
and melting-point increase. . 

Other Properties —The function of vinyl acetate in mixed resins im- 
proves compatibility and solubility.** 

The possibility of film imperfections such as formation of ridges 
during drying is prevented by the addition of from. 2 to 12 per cent of a 
polyhydronaphthalene to a solution of the resin in a solvent. The 
addition of tetrahydro, decahydro, dihydro, hexahydro and _ octahydro- 
naphthalenes has been suggested for this purpose.® 


Uses 


Vinyl resins. are useful constituents of acid and alkali resisting lacquers. 
They may be used in paper varnishes which are likely to come into con- 
tact with alkaline materials like liquid soap solutions, shampoos, ete. 
Their pale colour and very weak smell make them a possible choice for 
the production of odourless spirit paper varnishes. A. recent use for 
polyvinyl resins is in the manufacture of sleeving for wire, for the resina 
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have the chemical, electrical and mechanical properties necessary. 
Flexibility can be improved by addition of plasticiser. Vinyl chloride 
resin coatings are fire resistant. 

Douglas 15 observes that vinyl resins as wire coatings are more chemi- 
eally inert than rubber and do not cause corrosion of the wire. Lacquers 
made from them are suitable for use in electrolytic plants because they are 
unaffected by salt solutions, Vinyl resins in combination with other 
constituents may be used in the production of dopes for aircraft fabric, 
Polyviny! chloride in amounts of not less than 5 per cent. is suggested, and 
this may be incorporated with three different types of dope ; with tricresyl 
phosphate, in ethyl acetate and toluene ; with chlorinated diphenyl and 
polystyrene in ethyl acetate and acetone ; or with polyvinyl acetate and 
eastor oil in toluene and benzene." Other uses of vinyl resins include 
media for metallic laequers because of the very low acidity of these resins ; 
media for luminous paints, anti-shatter lacquers for glass ; lacquers for 
electric light bulbs ; nitrocellulose lacquers ; printing inks; moisture 
. resistant lacquers for cellophane comprising vinyl resin, plasticiser and 
parafin wax ;** adhesives for paper, fabric, celluloid, glass, leather or 
motals ; lacquers for the inside of food or beverage containers ; media for 
wall paints resistant to plaster, and moulding compositions. 


POLYVINYL ACETAL RESINS 


These are the reaction products of aldehydes and polyvinyl alcohol 
in the presence of acid catalysts. Aldehydes used include formaldehyde, 
acetaldehyde, benzaldehyde, acrolein, aldol, butyraldehyde and glyoxal.*® 
Aldehydes containing from 2-18 carbon atoms are reacted with polyvinyl 

‘alcohol in the presence of sulphuric acid to yield resins suitable for a 
variety of uses. Mixed aldehydes may be used. Polyvinyl acetal rosins 
can be produced without: the necessity of isolating polyvinyl alcohol. 

`- Polyvinyl acetate, para-acetaldehyde and formaldehyde ave dissolved in 

a mixed solvent consisting of ethyl acetate and ethyl alcohol. The reaction 
products are then maintained at 40° C. in the presence of sulphuric acid 
for approximately 150 hours, to yield au acetone soluble resin.59? Poly- 
merised vinyl ester, during or after partial hydrolysis, is reacted with an 
aldehyde in the presence of a mineral acid.5! 

Solvents for these resins are hydrocarbons, chlorinated hydrocarbons, 

- ketones, alcohols and esters. 

Durable films resistant to light are obtained by adding monocresyl 
diphenyl phosphate to polyacetal resins. The product of hydrolysed 
polyvinyl acetate and formaldehyde can be plasticised with dimethyl 
phthalate to yield a tough, flexible adhesive suitable for safety glass.5 

Careful choice of plasticiser is necessary for the best results with 

polyvinyl acetal resins, and mixtures of dilauryl phthalate and diethylene- 
glycol; dilauryl phthalate and dibutyl glycollate ; phenyl ethyl alcohol 
and dibutyl diglycollate ; phenyl ethyl alcohol and dibutyl phthalate ; ; 
or phenyl ethyl alcohol and diethylene glycol dibutyrate.55 


236 


Synthetic Resins—Vinyl 


These resins have not, as yet, assumed any great popularity in the 


varnish trade and their value to it is still in the process of assessment. 
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Potyvacryiic ΑΠΌ POLYMETHACRYLIC RESINS 


Acrylic acid, methacrylic acid, esters of these acids and other acrylic 
derivatives, such as chlorides, nitriles and amides, polymerise readily. 
OF these compounds the esters of acrylic and methacrylic acids yield the 
resins which ave of importance to the varnish industry. The methyl 
and ethyl esters are the most important. Copolymers of these esters 
also yield valuable resins. 

Esters which undergo Polymerisation.—Resinous materials have been 
‘made by the polymerisation of the following esters: ethyl acrylate, 
methy! acrylate, methyl methacrylate, ethyl methacrylate, isobutyl 
methacrylate, octadecyl methacrylate, n-propyl methacrylate, n-butyl 
methacrylate, capryl acrylate, cetyl acrylate, decyl acrylate, «-ethyl 
hexyl acrylate, and the methacrylate esters of glycol and glycerol.t 

Mechanism of Polymerisation Reaction —The mechanism of the 
polymerisation reaction of esters of acrylic and methacrylic acids or 
of the acids themselves has been studied by Flory, Staudinger and 
Kohlsehütter, Goodeve, Monnier, Suoz aud Briner, Hibben, Norrish, 
Melville and others. Ellis also provides information on this subject.* 


Factors Influencing Resin Formation 


Light and Heat—Polymerisation of acrylic and methacrylic esters 
occurs under the influence of light and heat, with or without added 
catalyst. 

Photochemical polymerisation of methyl methacrylate in ‘the form 
of vapour may be effected if the radiation is greater than 2200 A. Poly- 
merisation continues in the absence of light if the ester is subjected to 
sufficient initial irradiation? According to Strain,! for the polymerisa- 
tion of methacrylic esters in.solution, high temperatures accelerate the 
rate of polymerisation and shorten the induction period. The higher 
the temperature of polymerisation the lower the molecular weight of the 
polymers formed. 

Solvenís.—Polymerisation may be conducted on the ester either 
‘alone or in solution. Better control of polymerisation is claimed if a 
solvent is used. The solvent used may be a solyent for the monomer 
but a non-solvent for the polymer. Or polymerisation may be con- 
ducted on a dispersion of the monomer in a non-solvent. 

Solvents which have been used for polymerisation include acetone, 
ethylerie chloride, butyl acetate, methoxyethanol, and dioxane. Solvents 
vary in their effect on the polymerisation rate, and according to Strain, 
loc. cit., polymerisation. is slow in acetone, ethylene chloride and butyl 
acetate but more rapid in dioxane and methoxyethanol. Further, the 
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rate of polymerisation is directly proportional to the concentration of 
monomer in the solvent. 

Blends of methanol and water are also used as media for polymerisa- 
tion and in this case the polymers will separate as formed. Paraffin 
oil or a mixture of this with benzine is used with the same object. The 
monomer is soluble in the solvents but the polymer is precipiteted.* 

The monomer máy be dispersed as an emulsion in a non-solvent like 
water and then polymerised.® 

Catalysis —Catalysts may be present and these include oxygen, 
ozone, benzoyl peroxide, hydrogen peroxide, a mixture of benzoyl 
peroxide and hydrogen peroxide, sulphur dioxide, sulphurous acid, water 
soluble sulphites and hyposulphites, benzoic acid, Tetralin peroxide, 
and benzaldehyde? 

It has been recorded that with esters of methacrylic acid the presence 
of oxygen seems essential for polymerisation, for even at 65° C. in absence 
of both oxygen and light no polymerisation occurs. Benzoyl peroxide 
is & very efficient catalyst, 0-1 per cent being all that is necessary for 
polymerisation of methyl methacrylate at 65^ C. At lower temperatures 
in the absence of light, it becomes more or less inactive.t Slow poly- 
merisation of methyl methacrylate occurs tn the absence of catalyst but 
Norrish and Brookmann consider this to be due to the presence of 
adventitious catalyste,§ 

Some processes include the use of pressure to assist polymerisation.® 


Manufacturing Methods 


Various methods used in the production of polyacrylic resins are 
recorded as follows :— 

A mixture of ethyl methacrylate (57 lilos) and benzoyl peroxide 
(250 grm.) is heated at 100°C. for several hours to yield a hard resin. 
Other processes use a temperature range of 607—100? C.19 l 

A resin is obtained by heating a solution of ethyl acrylate in acetone, 
in the presence of dxygen or a compound capable of evolving oxygen. 

Polymerised methyl methacrylate is obtained in pulverent form by 
heating a stirred mixture of methyl methacrylate (2 pts.), methyl alcohol 
(16.8 pts.), water (81:7 pts.) and benzoyl peroxide (0-02 pts.) at 65° C. 
for twenty-four hours. Alternatively, the resin is obtained as a fine 
spongy mass by heating a mixture of methyl methacrylate (20 pts.), — 
water (40 pts.) and methyl alcohol (40 pts.) at 65° C. for four days. A 
similar process in whieh methyl methacrylate is polymerised in aqueous 
methyl alcohol describes the product as a light fluffy powder.” 

If polymerisation of acrylic derivatives is conducted. in the presence 
of previously prepared. polymers, only small traces of catalyst (0-003 
per cent) are necessary and the process yields bubble-freo resins at 507— 
60° C8 Polymerisation of acrylic esters or their homologues may be 
conducted in presence of water soluble salts or of mixtures of solvents 
and plasticisers!4 Polymethacrylic acid acts as a granulating agent 
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when methyl methacrylate is polymerised in an aqueous medium, using 
benzoyl peroxide as catalyst. Resins may be obtained in a granular 
form by heating until plastic and kneading them in this condition. 

A resin is obtained by boiling a mixture of ethyl acrylate, sodium 
borate and glacial acetic acid in acetone.t¢ 

An emulsion of methyl methacrylate is flowed through a heated tube 
to effect polymerisation. The rate of flow is such that turbulent motion 
is caused i? ᾿ l 

Polyacrylic or polymethacrylic esters are obtained free of monomer 
by extracting a dispersion in water with a water miscible solvent. 

Tt has been indicated already that polymerisation in solvent permits 
control to be exercised. The presence of up to 1 per cent of an unsatur- 
ated terpene compound is stated to prevent inconveniently violent 
reaction during polymerisation of ethyl methacrylate.® Effective 
terpene compounds are rosin, turpentine, pine oil and melissa oil. 

Polymerisation Inhibitors-——The polymerisation of acrylic and metha- 
crylic esters can be inhibited by the presence of certain compounds. 
These inhibitors may be used to control or stop polymerisation, so as 
to permit purification of the monomeric ester by distillation. Anhydrous 
metallic halides which function as inhibitors by combining with any 
oxygen-containing organic compounds which may be present, include 
antimony trichloride and pentachloride, arsenic trichloride and penta- 
chloride, aluminium chloride, tin tetrachloride and potassium bismuth 
iodide. Other polymerisation inhibitors include hydroquinone, tannic 
acid, pyrogallol, and copper powder.?4 


Modified Acrylic Resins 


A polymerised material from acrylic acid nitrile is made by heating 
an aqueous emulsion. . Resins are also obtained from aerylic acid nitrile 
by polymerisation, after first treating the nitrile at & low temperature 
with & catalyst such as H4MnO,, or HMnO,, or salts of these acids. The 
manganese compound is removed before polymerisation.?! 

Many modifications of polyacrylic or polymethacrylic esters are 
made, and these are based chiefly on the co-polymerisation of these esters 
with other polymerisable compounds. Thus mixed polymers of acrylic 
esters and styrene are made.” Using benzoyl peroxide, benzaldehyde 
or hydrogen peroxide as catalyst, acrylic acid esters are polymerised 
with an aqueous solution of polyvinyl aleohol and an amide or metallic 
salt of polyacrylic acid. Small amounts of divinyl compounds are 
suggested additions to acrylic acid polymers as cross-linking agents to 
induce insolubility.** Lacquers resistant to solvents are prepared from the 

co-polymerisation of acrylic esters with 20-40 per cent of acrylonitrile.25 

_ A mixture polymerisable by benzoyl peroxide is made by heating 

together a toluene solution of methacrylic anhydride, fused sodium 

acetate and a partial phthalate of soya bean oil monoglyceride. The 

monoglyceride product is derived from soya bean oil by heating the: 
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oil with glycerol in presence of litharge, and reacting the resultant product 
with more glycerol and phthalic anhydride.?e 

Co-polymerisation of esters of acrylic or methacrylic acid is frequently 
used to obtain resins with certain properties, which cannot be obtained 
by simple mixing of the polymers. Resins suitable for lacquers are 
claimed from the co-polymerisation of ethyl and octadecyl methacrylates. 
Durable products suitable for coating wire mesh are claimed from the 
co-polymerisation of methyl and ethyl or octyl methaorylates.?? 


Properties and Uses 


The acrylic type resins have many valuable properties, and if it were 
not for their high price there is no doubt that they would become very 
popular. 

They are water white in colour and vary in condition from hard 
resins to viscous liquids. 

Hardness —The hardness of the resins is controlled both by the type 
of acid present and by the type of alcohol in combination with it. With 
a given acid and alcohol a hard or a soft resin can be obtained by varying 
the molecular weight of the polymer. The softening point and tensile 
strength of methacrylic esters decrease with increase in the molecular 
weight of the alcohol”? The following are in order of hardness, com- 
mencing with methyl methacrylate which yields the hardest resins of 
all; methyl methacrylate, ethyl methacrylate, methyl acrylate, and 
ethyl acrylate. n-Butyl methacrylate polymer is soft at ordinary tem- 
peratures and lauryl methacrylate polymer is a viscous liquid. The 
hardness of isobutyl methacrylate is greater than that of the n-butyl 
polymer.** The hardness of. soft resins can be improved by co-poly- 
merisation with methyl esters. 

Yellowing.—Under the action of heat these resins show very little 
tendency to yellow, neither is there any appreciable yellowing tendency 
on exposure, At 350° F. no darkening occurs. Polymethylmethacrylate 
is stated to exhibit no yellowing up to 390° F. but at 660° F. it decomposes 
to the monomer.?8 ` 

Depolymerisation—Du Pont de Nemours’ report that methacrylic 
ester resins exhibit a very slight tendency to depolymerisation at 480? F.,. 
but that 840? E, is necessary to oause complete depolymerisation to the 
monomer. 

Fluidity on Heating. —On heating, methacrylate resins do not immedi- 
ately become liquid but remain rubbery over a wide range of temperature. 
Fluidity can be induced, however, by the addition of other resins which 
act as fluxes.2® Such resins.may be rosin, ester gum, coumarone or damar. 

Durability —These resins have excellent durability and Klein and 
Pearce, loc. cit., describe how a mixture of methyl acrylate and ethyl . 
methacrylate, after three years’ exposure, showed no failurein any direction. 
There was no yellowing and no loss of gloss. Using a pigment which 
normally chalks on exposure, a non-chalking enamel can be formulated 
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from a blend of from one to two parts of nitrocellulose with one part of 
acrylic resin.*® 

Transmission of Light.—It has been recorded that acrylic or metha- 
erylic ester resins transmit ultra-violet light better than glass. Pfund 
records, in addition, that these resins are more opaque to infra-red light 
than glass9? It is interesting to observe, however, that a patent is filed 
for the production of sheeting for the protection of oil paintings based on 
an acrylic compound which is claimed to be opaque to ultra-violet light.*+ 

Ex 2 ate resins, especially, have excellent extensibility. 
Polymethyl acrylate stretches 1000 per cent at ordinary temperatures.*8 

Adhesion.—The adhesion of polyacrylic and polymethacrylic resins 
is generally good, but better adhesion is obtained on metals if the resin ig 
baked in preference to air drying. Gloss and hardness are also improved 
by baking. Softer polymers have better adhesion than harder types.?? 

Waiter Resistance—The resins have good water resistance. Klein 
and Pearce, loc. cit., state that soft polymers have a lower water resistance 
than harder polymers, which are resistant to both cold and boiling water. 
The water absorption of polymethyl methacrylate is stated to be less 
than 0-5 per cent.” The low water absorption of these resins makes them 
valuable components of waterproofing compositions. The following are 
examples. Water resistant lacquers are derived from a mixture of 
chlorinated rubber and polyacrylic esters.22 A coating for paper is made 
from a blend of polymethacrylate resin and paraffin wax. It is superior 
to paraffin wax alone, for water resistance, especially after folding.?* % 
A film derived from polyacrylic resin alone is also used for waterproofing 
offset paper? 

Acidity.—The acidity of acrylic resins is nil. A medium for luminous 
lacquer is based on a composition containing methyl methacrylate resin 
and polystyrene resin.™ 

Film Strength—Acrylic resins give films which are not so tough as 
thosé from methacrylic esters. 

Chemical and Solvent Resistance —The resins have good chemical 
resistance, being unaffected by dilute acids such as hydrochloric, sulphuric, 
or phosphoric acids. Hard resins are resistant to acetic acids. The 
resins, generally, ave resistant also to dilute ammonia, dilute caustic 
soda, ozone and oxygen. They are also resistant to certain solvents such 
as petroleum hydrocarbons or mineral oils. 

Electrical Properties Acrylic and methacrylic polymers are very 
useful for electrical purposes. The breakdown voltage of polymethyl 
acrylate resin is given as 280,000-340,000 volts per cm. Their power 
factor is higher than that of polystyrenes.2® Other facts which make 
these types of resin invaluable for electrical work have been enumerated, 
as non-tracking tendency, reduction of power factor with increase of 
temperature, high melting-point, and resistance to substances likely to 
be encountered in electrical work such as mineral oils and ozone." Tt 
has been suggested that monomers of acrylic or methacrylic esters could 
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be used as impregnating liquids for coils, rotors, etc., and polymerised 
in situ, with the consequent saving due to the elimination of the loss 
of volatile solvent which is usual with the ordinary type of i impr egnating 
solution. 

Defects —Apart from their high price these resins have certain dis- 
advantages, They exhibit appreciable solvent retention and baking is 
necessary to obviate this. They have a tendency to pinhole when 
sprayed. The film never becomes insoluble in many organic solvents 
even after stoving and is apt to become marred if accidentally contamin- 
ated with them. 

Solubility —Aerylic type resins are soluble in a wide variety of 
solvents, including toluene and aromatic hydrocarbons generally, ethyl 
acetate, Cellosolve, acetone, cyclohexanone, chlorinated hydrocarbons, 
anhydrous organic acids and dioxane. As the molecular weight of 
polymethacrylate resins increases the solubility decreases. 

The resins are insoluble in petroleum hydrocarbons, aliphatic alcohols 
and ethers, glycols, glycerol, vegetable oils, including castor oil, and 
carbon tetrachloride. n-butyl and isobutyl methacrylate resins are more 
soluble generally than resins of esters from lower alcohols. Thus n-butyl 
and isobutyl resins are stated to be soluble in linseed oil, turpentine or 
white spirit.28 

Plasticisers.—Most of the common plasticisers can be used with 
polyacrylic and polymethacrylic esters. A comprehensive list would 
include methyl abietate, butyl tartrate, tricresyl phosphate, chlorinated 
diphenyl, benzyl and butyl benzoyl benzoates, glyceryl tripropionate, 
diethylene glycol di-isobutyrate, sec. alcohol carbamates,?® acetins, 
tributyl phosphate, butyl stearate, methyl carbitol, benzyl-, phenyl- 
ethyl, dibenzyl, methylbenzyL, dimethylbenzyl, cyclohexyl,. and 
chlorinated benzyl-derivatives of tetrahydronaphthalene, dicthyl phtha- 
late, dibutyl phthalate and other phthalates, adipates, and mono- or 
dimeric alkoxy derivatives of methacrylic esters.3¢ 

Compatibility—The resins are compatible with many raw materials 
at present in use in the varnish trade. They may be used with nitro- 
cellulose, modified and unmodified phenol formaldehyde resins, alkyds, 
chlorinated rubber, interpolymerisation products of vinyl chloride and 
vinyl acetate, rosin, ester gum, coumarone, damar and maleic resins. 
Compatibility is usually better with nitrocellulose than with cellulose 
acetate. It must be understood that the compatibility of the resin 
varies appreciably with different types of polymer and on the degree of 
“polymerisation. Different acrylic or methacrylic polymers are not 
generally miscible with each other. 

For methacrylate polymers, however, the ethyl derivative is com- 
patible with the propyl; the propyl with the butyl; the propyl with 
the isobutyl; and the butyl with the isobutyls 

When mixtures are desired, it is preferable to blend the monomers 
and then polymerise them. 
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Application.—If suitable solvents are chosen the resins may be applied 
by brushing, spraying, dipping or by coating machine. They may be 
deposited electrically on metals. Compositions capable of being applied 
by this method are made by dispersing a mixture of methyl methacrylate 
and butyl methacrylate in hydrophobic mineral oils.37 


Special Uses 


The following compositions from acrylic type resins have been sug- 
gested. Polymethyl methacrylate resin is mixed with coumarone and 
phenol formaldehyde resin or an alkyd.88 Polymethyl methacrylate 
resin is blended either with an alkyd or nitrocellulose.2® A mixture of 
polyacrylic ‘ester and polyaerylnitrile dissolved in a suitable solvent 
yields à medium for stoving enamel. The solvent mixture comprises 
cyclohexanone, dioxane, monochlorbenzene, dichlordiethyl ether and 
ethylene glycol diacetate.“° A blend of polyacrylic ester with poly- 
acrylic acid and quartz dust provides an anticorrosive coating for cables. 
A small amount of B-naphthol may be added. 

Acrylic type resins may be used for many purposes, including impreg- 
nating insulating compositions, media for luminous paints, clear lacquers 
for metal, especially aluminium and chromium, lacquers for wood, paper 
and. fabrics ; oil and petrol resisting lacquers for storage tanks, as aqueous 
_ emulsions for leather finishing or for overcoming the porosity of bricks, 
for cellulose lacquers, in chlorinated rubber paints, in oleo-resinous paints, 
adhesives for fabrics, leather, ete., in lacquers for beverage and fruit 
juice containers, in boat finishes, in lacquers for rubber, in finishes for 
lamps and lampshades, in fume resistant lacquers and chemical resistant 
coatings, in cements for laminated glass, and in gas-impermeable im- 
pregnating compositions for fabric. 
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CHLORINATED DIPEENYLS 

Chlorinated diphenyls do not fall into any one class of vamish 
constituent, for the lower members are liquids and may be regarded as 
plasticisers, and the higher members are solids and resemble resins. 


Composition and Constitution 


They are the simple chlorination products of diphenyl in which the 
available hydrogens are replaced by halogen. Monochlorodiphenyl 
contains 18:8 per cent chlorine and decachlorodiphenyl, 71-1 per cent. 
Intermediate compounds contain the following percentages of chlorine, 
di- 36-8, tri- 41-4, tetra- 48-6, penta- 54-4, hexa- 50-0, hepta- 62-8, octa- 
65.9, and nona chlorodiphenyl- 68-8. Chlorinated. diphenyls are not 
always simple or mixed chlorinated diphenyls, but may contain some high 
boiling complex compounds such as the chlorination products of ditolyl 
and dixylyl, incorporated to obtain modifications in properties. 

Chlorinated diphenyl products are available under the two trade, 
names of Arochlor and Olophen. Work on the chemical constitution of 
individual chlorodiphenyls has been conducted by Van Roosmalen.t 

J'ormation.—Chlorinated diphenyls are synthesised chiefly by two 
methods. The first and most important is the direct chlorination of 
diphenyl in the presence of a catalyst. The other consists in the con- 
densation of chlorinated aromatic compounds such as chloro and 
p-dichloro benzenes. 

The experimental results of Andrianov? on the chlorination of 
commercial diphenyl ‘are interesting. Dry- chlorine is passed into 
diphenyl at 100°-200° C., in the presence of iron shavings. The table 
below gives the properties of chlorinated diphenyls obtained after 
purification. 
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Fonunla. ie . ed 3. (c Goalies MWt. 
CuCl 180*-170* C. 1-1542 2-0 — 
Cho Hgh 1755-1985 Ο, 1.2031 2:8 --- 
CELE 195-205" C. 18580 44 — 
Cah 3207-348? C, 14508 73 — 
(48 mm.) . 
CH, — 1-5304 10-3 — 
C, HSCL, m.pt. 254 C. — 19:3 — 
C, HCl; m.pt. 45? C. — 86:5 -— 
(ΗΟ -- — — 441 
C, CL, m.pt. 2117-920? C. — - m 














Catalysts —The catalysts used for direct chlorination include iron, 
iodine, antimony chloride, a mixture of sulphur and antimony trichloride, 
and phosphorus chloride.) When iron is used as a catalyst the products 
obtained are dark in colour, a defect which is not associ iated with tho 
use of iodine. 

Manufacturing Methods—-Molten diphenyl is chlorinated in the 
presence of an iron catalyst by the passage of chlorine. The introduction 
of chlorine into the molecule results in the evolution of heat and cooling 
is necessary. Hydrochloric acid is evolved simultaneously. In some 
processes rigid control of temperature is exercised throughout, different 
temperatures being used for different stages of the chlorination. Increase 
in temperature assists in the formation of the higher members of the 
series. The reaction is sometimes conducted in the presence of solvents 
of which aromatic and chlorinated aromatic hydrocarbons have been 
used,’ or diphenyl is chlorinated after dissolving in a liquid mixture of 
higher chlorinated diphenyls.® 

Considerable darkening of the product oecurs in the presence of iron 
when iron is used as a catalyst or as the metal of the reaction vessel. 
This is overcome by utilising iodine as a catalyst and glass or glass-lined 
vessels, Alternatively the dark products may be distilled. Chlorinated 
diphenyl resins, comprising a mixture of chlorinated diphenyl and other 
diaryl complexes, are subjected to distillation to yield pale products.® 1 

The increase in specific gravity which parallels extent of chlorination 
is used as a means of process control. 


Properties 


Chlorinated diphenyls vary from viscous colourless oils to pale straw 
resins. They possess a pleasant, almost imperceptible odour. Among 
their chief characteristics axe stability, excellent solubility and com- 
patibility, neutrality and non-inflammability. 
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The semi- i-solid ehlorinated diphenyls are difficult to handle. Pro- 
duets which remain fluid at all normal temperatures can be made by 
preparing concentrated solutions in aromatic hydrocarbons. 

Stability —Stability implies resistance to chemicals, and it is claimed 
that these materials are unaffected by boiling 10 per cent caustic soda, 
Resistance to acids is good also and continued heating at 150° C. causes 
no decomposition, There is no corrosive action on metals. Mild steel 
after exposure at 325° C. for over 800 hours reveals no pitting. 

chlorinated diphenyls are very resistant to the action of light and 
have been used to prevent the yellowing of oils during drying." Re- 
sistance to disintegration by light diminishes with inereasing chlorine 
content. Chlorinated diphenyls are non-oxidisablo. . 

Solubility.—HBy reason of their chemical constitution, chlorinated 
diphenyls are readily soluble in most organic solvents, including aliphatic 
and aromatice hydrocarbons, chlorinated hydrocarbons, turpentine, pine 
ail, esters, ketones, ethers and glycol ethers, higher aleohals and organie 
acids. They are insoluble in the lower alcohols, glyccrol and water. The 
solubility of chlorinated diphenyls decreases with increase of Viscosity. 

Compatibility with most common varnish and lacquer constituents 
is excellent. They blend thoroughly with drying oils whether untreated, 
polymerised or oxidised, castor oil, and with kauri, ester gum, rosin, 
damar, coumarone, vinyl resin, phenol formaldehyde resins, polystyrene 
resin, chlorinated rubber and asphaltums. They may be used with 
nitrocellulose but care is necessary in formulation. Satisfactory lacquers 
are made with benzyl cellulose. Chlorinated diphenyls are compatible 
with small amounts of many waxes such as parafin, japan, beeswax, 
montan, carnauba, ceresin, and ozokerite.§ 

Neutrality —The acidity of these products is zero and thus they may 
be used with all basic pigments. Crystalline chlorinated diphenyls are 
used to prevent livering of pigments.® 

Towicity—They are not considered toxic at normal temperatures. 
At higher temperatures exposure to the vapour has an irritant effect 
and precautions should be taken. Continuous bodily contact is said to 
cause skin eruptions. Τὺ is recommended that hands are cleansed thor- 
onghly before partaking of food. 

Inflammability—These products have excellent resistance to com- 
bustion due to the presence of chlorine. The lower chlorine content 
diphenyls can be made to burn, but inflammability decreases as the 
chlorine content increases. The higher members ean be classified as 
non-inflammable. 

Ürysinllisation.-—Pure individual chlorinated diphenyls have a strong 
tendency to erystallise, a defect which would render them unsuitable 
for general use. Adjustments in manufacture have been mado to render 
them permanently non-crystalline. High boiling complex compounds 
formed during the synthesis of diphenyl are added in definite proportions 
to diphenyl “before chlorination, yielding permanently fluid products. 
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Such high boiling compounds include ditolyl and dixylyl19 Alter- 
natively, the diphenyl and high boiling complexes may be chlorinated 
separately and mixed subsequently. Sometimes chlorinated products 
derived from the high boiling complexes above are used as raw materials 
for lacquers.“ 

Penning attributes the fluidity of the lower chlorinated diphenyls 
to the presence of isomeric forms.” 

Adhesion. —Adhesion is generally excellent, especially to glass and 
metal. Laequers based on chlorinated diphenyls have been suggested 
for duralumin and electron metal. 

Electrical Properties.—These products have valuable electrical pro- 
perties, possessing high dielectrie strengths and resistivity and low 
power factors. As the chlorine content increases the dielectric constant 
diminishes. 

Other Properties —These include. thermoplasticibty, and good water 
resistance. 

Incorporation into alkyds increases the speed of dry. The addition 
of chlorinated diphenyls to short oil varnishes increases adhesion and 
the Kauri reduction value without improving durability They give 
gloss to films and because of their high refractive indices impart apparent 
depth. A table of properties of liquid chlorinated diphenyls (ARocHLORS) 
is given below. The propertics of solid chlorinated diphenyls are in- 
cluded elsewhere in the tables devoted to synthetic resin properties, 





Descripti Pc SG Rot σύ 

e jon. Pt DEO (| evelan Sevelm 50 

σοπρσο . (25° 0.) f Open Cup. Open Cup. (20° C.). 

Arochlor 1342 8115-3565 Ο, 1374 176-180 384 to none 1:027 
1393 ab b.pt. 1-629 

Arochlor 1248 3307-350? C. 1.445 196 > None 1.630 
1:456 11681 

Arochlor 1254 352°-381° C, 1-543 None |. Nono 1:6407 


1-550 1-6410 





: Uses 


Advantage is taken of the electrical properties of chlorinated diphenyls 
in the following ways. They are used as transformer oils and as di- 
electrics for cables and condensers.1° A plastic, fusible, tacky insulating 
composition is made from a mixture of rubber and chlorinated diphenyl 17 
(> 680 per cent chlorine). A blend of chlorinated diphenyl, ninety parts 
and wax ten parts, is used as an insulating material. 

Waterproofness is exploited in many kinds of water-resisting com- 
positions. Details have been given of a spar varnish comprising 
chlorinated polyphenyl, tung oil and linseed stand of 28 A waterproof 
coating for regenerated cellulose sheets consists of plasticised chlorinated 
diphenyl with paraffin wax. A waterproof dressing for textiles. contains 
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in addition to the chlorinated diphenyl, ceresine wax and aluminium 
stearate’? A dilute solution of a polystyrene resin in benzene plasticised 
with a liquid chlorinated diphenyl, is used as a waterproof seal for metal 
caps of containers?" 

Anti-corrosive lacquers are based on chlorinated diphenyl and 
chlorinated rubber. They may be used to protect underground pipes, 
or duralumin from sea-water 2% 

A typical fireproofing lacquer consists of a mixture of chlorinated 
diphenyl and chlorinated higher boiling diaryls, with linseed and tung 
oils.18 As impregnating materials for fireproofing, chlorinated diphenyls 
are stated to be superior to ammonium phosphate." 2 When chlorinated 
solvents are used also, lacquers may be made which are non-inflammable 
both before and after application. 

Other uses include adhesives such.as are involved in the manufacture 
of splinter proof glass; as binders for cork in linoleam manufacture ; 
with rubber, sulphur and sulphur accelerator in compositions for the 
protection of metal sheets in transit; * as a substitute for shellac in 
sealing waxes wherein a mixture of black chlorinated diphenyl, rosin and 
pigment is used ; * with chlorinated rubber in thermoplastic moulding 
compositions; in composite resins with ester gum, coumarone, mixed 
phthalic and rosin esterg,**, 26 or alkyds ; and in resins specially designed 
for compatibility with nitrocellulose derived from chlorinated diphenyl, 
ester gum. and toluene sulphonamide-formaldehyde resin.*6 
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PotyamMipe (NYLON) Rusts 


These resins originated in the work of Carothers, reported extensively 
in the Journal af the American Chemical Society. The polyamides can 
be derived from two differcnt types of reaction. 

1. From w-amino carboxylic acids, their lactamis, or ester, chloride 
and anhydride derivatives. 

2. From the reaction between dicarboxylic acids and diamines 
containing a free hydrogen atom in each amino group. 

Suitable amino acids are w-amino caproic, w-amino pelargonic, and 
w-amino undecylic acids. Pelargonolactam (10 pts), and mixed xylenols 
(12 pts.), are heated to 215°C. In the early stages water is eliminated 
as steam, but the heating is continued for an hour or so, and the xylenol 
finally distilled off under vacuum. 

For the second type of reaction, which seems to be the more popular 
of the two, dicarboxylic acids such as sebacic, suberic, pimelic and adipic 
acids are convenient. Suitable diamines are the tetra-, penta-, hexa- and 
decamethylenc diamines. The reaction which occurs requires approxi- 
mately molecular proportions. On warming, salts are formed, and on 
further heating these condense in chain form. For example, hexa- 
methylene diamine (26-4 pts.)}, adipic avid (83-2 pts.), and mixed xylenols 
(60 pts.), are heated at 218° C. for seven honrs. The polyamide is re- 
covered by pouring the product into alcohol, when it separates as a white 
granular precipitate. 

The simple polyamides have fairly sharp melting-points usually 
within the range 150°-270° C., and good alkali resistance, but they are 
hydrolysed by mineral acids. Their specific gravities are usually just 
over unity: 1:04-1:08. From the varnish maker’s point of view the 
above types of polyamides are not very suitable for general uso because 
of their restricted compatibility. They are soluble only in rather in- 
convenient solvents—in phenol, cresol, formamide, acetic and certain 
other acids. 

These polyamides in phenolic solution have, however, found an 
important application in high temperature coatings for copper wire. 
The resultant films have exceptional solvent resistance, which is far 
superior to that of the old oil-base wire cnamels. 

A very interesting development is the work conducted on the re- 
action between diamines and the polymeric fatty acids of drying and 
semi-drying oils deseribed by Cowan, Lewis and Falkenburg. Norelac 
is a hard resinous material produced by these means. 

Approximately equivalent proportions of polymeric acids, consisting 
_ of the di- and. trimeric acids derived from linolic and linolenic acids, and 
ethylene diamine, are heated together. 

The following is an example of a resin suitable for varnishes. Ῥο]γ- 
meric acids (15-82 pts.) are heated to 150° C. in the presence of carbon 
dioxide, and a 70 per cent aqueous solution of diamine (2-3 pts.) is slowly - 
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added. "The temperature is then increased to 170? C. the pressure slowly 
reduced, and the temperature finally raised to 200° C. for a short time. 
The product is run out and allowed to cool to a hard resin. 

Norelac, unlike nylon, is readily soluble in a large number of solvents, 
including chlorinated hydrocarbons, alcohols, ketones, amines and fatty 
acids, 

Films of Noreluc have good flexibility and adhesion and good re- 
sistance to water, dilute acetic acid, dilute and concentrated caustic soda, 
and 75 per cent sulphuric acid. 

Norelae films absorb oxygen and become insoluble, 

The properties which prevent the general use of resins of the Norelae 
type are their thermoplasticity, low melting-point, and the softness of 
the resultant films. 

Norelac is most suitable for use in spirit varnishes to replace shellac, 
and in certain finishes where chemical resistance is required. 


REFERENCES 
1. Oil and Soap, 1944, 81, 101. 


SILICON RESINS 


Resinous organic products of silicon have engaged the attention of 
varnish makers for a good many years past, but it is only within the 
last year or so that definite indications, have appeared that they are 
important intermediates with unique properties, and that they have 
come to stay. 

Broadly, there are two types of silicon compound which are of interest. 
The first includes the silicon esters, and the second, the products of 
hydrolysis of the alkyl or aryl silicon chlorides. 

Silicon esters, of which the so-called ethyl silicate has been explored 
the most extensively, is considered by King to be an organic solution of 
colloidal silica and ethyl silicate? They dry rapidly in two distinct stages ; 
gelling occurs due to evaporation of solvent, and this is then followed by . 
a hardening process which is the result of a reaction between the ester 
and the moisture of the air. "The hydrolysis yields alcohol, and silicic 
acid, which ultimately dehydrates into silica. 

These silicon esters in the past have suffered from the defect of poor 
keeping qualities, demonstrated by a coagulation of the colloidal silica, 
but manufacturers now claim that the keeping properties have been 
considerably improved. 

Lacquers or pigmented products made from silicon esters have useful 
fire and heat resisting properties, and they are claimed to withstand 

temperatures of the order of 500° C., and have been recommended also 
for use on porous cement, and for building stone preservation. 

Additions of silicon ester to nitrocellulose lacquers greatly ix increase 
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the adhesion and elongation of the resultant films but decrease their 
tensile streneths.* 

Klem and Nienburg have prepared the orthosilicates of certain fatty 
materials, but no information is available on their value in film-forming 
compositions.? he fatty mono- or diglycerides are heated with Si(OEt), 
at 150°-166° ©. The ortho silicates from «-mono-olein, g-monobutyrin 
and g-f-dibutyrin are all non-crystalline. a-Monostearin has a m.pt- 

of 70° C. and «-f-distearin a m.pt. of 68° C. 

The silicon esters of the type represented by the formule SiEt(OEt), 
or SiBu(OEt),, yield, on hydrolysis, produets which are soluble in organie 
solvents. They provide films with good adhesion which are stated to 
be more resistant to heat and weather than bakelite or alkyd films.4 

The resinous materials of silicon which have become popular lately 
are the products of hydrolysis of the alkyl and aryl silicon chlorides, and 
these have come to be known commonly as the “silicones ’’. Suitable 
compounds which undergo this hydrolysis are monomethyl silicon tri- 
chloride (CH,SiCl,) or dimethyl silicon dichloride (CH,),S8iCl,. The 
process of resinifivation ov polymerisation as the result of hydrolysis, 
consists firstly in the production of hydroxy compounds, which sub- 
sequently condense together to give high molecular weight polymers. 
These are characterised by a Si—-O-—-Si—O chain formation, with methyl 
or similar groups attached to the silicon atom. 

The alkyl or aryl silicon chlorides are made by a modified Grignard 
process and the method of procedure has been given by Rochow and 
Gilliam.’ Methyl, ethyl, or other organic magnesium bromide is reacted 
with silicon tetrachloride in dry ether, and the organic silicon chloride 
formed is hydrolysed by pouring on to ice. 

The trialkyl or aryl silicon chlorides (chlorosilanes) on hydrolysis yield 
the corresponding silanols. These condense to simple ethers (disiloxanes) 
and provide the liquid silicones. he dialkyl or aryl silicon chlorides 
hydrolise to the bifunctional silanediols, which on condensation yield 
thermoplastic resins. The monoalkyl or aryl silicone chiorides hydrolise 
to the trifunctional silanetriols (RSi(OH),). Their condensation products 
aro thermosetting resing of the types which are of the most use to varnish 
makers. 

Such products have remarkable heat resisting properties, and for this 
reason they are exploited in high temperature resisting compositions. 
Tt is claimed that these resins resist a temperature of 200° ©. for a year 
without perceptible change. The only effect of heating at 550° C. 
for sixteen hours in vacuum, or a& 450? C. for one hour in hydrogen, is 
slight discoloration. 

Silicon resing are not easy to manufacture on the large scale, and for 
some time to come they must be recognised as one of the very expensive 
types of resin. They are, however, being manufactured in fair quantity. 
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CHAPTER 8 
SOLVENTS AND DILUENTS 


Tue number of solvents and diluents encountered in the varnish factory 
of to-day is vastly greater than it was twenty to thirty years ago. This 
great expansion may be attributed to the following facts. Probably 
the most important factor was the advent of synthetic resins. Both 
alkyds and phenol formaldehyde resins were responsible for the inclusion 
of strong aromatic solvents in varnishes or media. Although these 
resins possess many unrivalled properties, they have, in addition, certain 
defects which it is essential to eradicate. Because of the inferior flow 
of alkyds when brushied, special solvents have been introduced as flow 
inducing agents, such as Decalin, dipentene, pine oil, etc. The skinning 
tendency of phenolic resins with tung oil has led to the introduction of 
solvent dispersing agents among which may be included dipentene, butyl - 
aleohol and butyl glycollate. Urea, formaldehyde resins influenced the 
use of butyl alcohol. This solvent has been especially useful also in the 
production of stable solutions of metallic soaps. The formulation of 
‘eorfiplex synthetic compositions as media for spraying and stoving 
enamels, provoked an incursion into the whole range of solvents com- 
monly used for cellulose products, 

Nowadays there is no sharp line of demarcation between the maker 
of cellulose lacquer and the varnish manufacturer, except that normally 
the former does not make oleoresinous compositions by a heating process, 
and the latter does not make solutions of cellulose nitrate. Midway : 
between these extremes, however, are a multitude of products which 
are not the monopoly either of the cellulose lacquer maker or the varnish 
manufacturer. These products include lacquers and media involving 
chlorinated rubber, rubber, vinyl resins, processed shellacs, polystyrene 
resins, and acrylic resins, all of which require careful selection of solvents, 

Secondly, the industrial consumer of varnish: products has revealed 
himself to be very discerning and critical, This has often necessitated 
the technologist to survey the whole field of organic liquids and to choose 
from it any which yield the desired result. Finally, the advent of the 
solvent type of paint removers did much to increase the normal range of 
solvents. 

Sotvintr RECOVERY 
After Application 


Considerable quantities of solvents are used in the varnish trade, 
and once they have performed their primary function of presenting 
compositions in a form suitable for application as films, nothing further 
is required of them. They evaporate and generally become a total 
loss. Varnishes or media contain volatile solvents varying from 20 to 
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75 per cent of the whole. Often, as is the case with synthetic materials, 
the solvents'are of an expensive type. 

Solvent recovery is a difficult process and its success is dependent 
on many factors; the volatility of the solvents, the concentration of 
the vapour, the continuity of the evaporation process, the complexity 
of the solvent mixture, and the chemical stability of the solvents. 
Jordan? states that when the evaporation of solvents occurs in enclosed. 
or partly enclosed spaces the question of recovery is relatively simple. 
Such favourable conditions occur in conveyor ovens, drying towers, 
and processes where large film areas are passing over hot plates, the 
whole of which can be covered by a hood. 

The methods commonly adopted for solvent recovery are absorption ` 
or condensation. ‘The vapours may be absorbed by high boiling liquids, 
or by absorbent solids such as activated alumina, charcoal and silica gel. 
The condensation process merely consists of cooling the vapour-air mixture 
often with increased pressure. 


During Manufacture of the Varnish 


The foregoing concerns solvent recovery after application of the 
film-forming composition. Other methods of effecting economy in the 
use of solvents are practised in the modern varnish factory. Batches 
of material which for some reason have become unusable are treated 
for recovery of solvents by subjecting the material to steam distillation. 
This process is particularly suitable for compcsitions of the lacquer 
type, containing relatively low boiling, water immiscible, solvents, al. 
though satisfactory results have been obtained also with medium boiling 
petroleum hydrocarbons. If facilities are not normally available for 
working off accumulated cleaning spirits used. for ball mills, filter presses, 
etc. they may be subjected to the steam distillation process with ad- 
vantage. The use of an iron still with steam is safe, even for the re- 
generation of solvent mixtures from nitrocellulose lacquers.2 Merz 
offers the advice that the non-volatile residue in the still be removed 
whilst it is hot and molten, for it may solidify on cooling? 

Another source of appreciable loss of solvents is during the thinning 
process of varnishes. In the early stages a considerable amount of 
solvent disappears as vapour, for the normal temperature at which 
thinning commences is about 200° C. Such losses can be minimised, 
of course, by thinning at the lowest convenient temperature, bnt often 
the temperature needed is 200° C. or higher. The best type of plant for 
thinning consists of a large tank fitted with a close fitting lid, a mechanical 
stirrer and a reflux condenser. The hot oil-resin mixture is pumped into _ 
the tank and thinned in the usual way with agitation. Whilst this pro- 
cedure reduces evaporation losses, precautions are necessary. Alterna- 
tively, using the same equipment, it is often possible to add the hot varnish 
or resin to the thinners, already in the mixer. Ebullition of the thinners 
is thus greatly reduced. If after thinning the varnish is allowed to stand 
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for several hours or overnight in the thinning tank, condensed solvent will | 
occur, unmixed, as a separate layer at the surface of the varnish. Βοΐονο 
pumping the varnish away or withdrawing a sample it is obvious that the 
whole must be agitated. Again, it happens sometimes that resins or, 
driers have to be heated with solvent to effect solution. This process, too, 
can be conducted under a reflux condenser with advantage. Occasionally, 
it happens that a varnish or medium is too thin for a special purpose, and 
the wasteful procedure of ** sweating off "' the excess solvent or thinner is 
adopted. The volatile solvents can be condensed. 


Conservation by Formulation 


Attempts have been made to conserve solvents in another direction. 
Compositions are made with the minimum amount of solvent and thon 
sprayed hot on to surfaces. This method of application is used success- 
fully for spraying black bituminous enamels on iron or steel, for shellac 
mixtures, and for nitrocellulose lacquers. Such methods of application 
have led to modifications in the solvents used. For successful hot 
spraying a solvent is chosen with a convenient boiling range which doos 
not evaporate too quickly. Slow evaporation is necessary to obtain 
the desired flow. 

CONSIDERATION OF THE PROPERTIES OF SOLVENTS 
‘Boiling Range l 

For convenience solvents are often subdivided into groups based on 
their boiling ranges, and two authorities agree on the same rough 
classification : 

Low boilers, b.p. below 100? C. 
Medium. boilers, b.p. 100?—150? C. 
High boilers, b.p. above 150? C. 

Boiling range of a solvent is an important property since ii provides 
certain valuable information. There are but few solvents, used in varnish 
manufacture, which approximate to pure compounds, notable exceptions 
being benzene, toluene, xylene, industrial alcohol, and acetone, to quoto 
Some examples. Most solvents, even including those mentioned above, 
if not purified, are complex mixtures of widely differing chemical con- 
stitution, or mixtures of homologues. A boiling range determination 
is, therefore, a good criterion of purity. Furthermore, it provides clues 
pointing to the presence of low-flash constituents if low boiling fractions 
are found, or to the presence of non-volatile residues, if the solvent has 
a very extended boiling range embracing constituents with a very high 
boiling-point. Boiling range determinations are relatively simple to 
conduct, and are used frequently to provide a rough guide to evaporation 
rates, the determination of which are not so straightforward. It should 
be understood, however, that the property providing additional in- 
formation on evaporation rates is the vapour pressure. It is possible to 
encounter liquids which possess a low boiling range, but have an evapora. 
tion rate lower than that of liquid with a higher boiling range. Further, 
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Solvents and Diluents 


it is important to remember that boiling ranges provide information on 
evaporation at temperatures which are greatly in excess of those normally 
met with in industrial practice, anc that a variable increase in vapour 
pressure with temperature rise may lead to erroneous deductions. A 
detailed account of the method commonly adopted for the determination 
of boiling ranges i$ given in D.S.S. 290. 

Mixtures of solvents cause abnormalities in the temperature of boiling. 
Lewis, Squires and Sanders è state that a constant boiling solvent mixture 
is not generally a constant evaporating mixture at the drying tem- 
perature of the film. Bennett and Wright, however, provide other 
experimental evidence.’ 


Evaporation Rate 


Definition of Volatility —When is a solvent considered to be volatile 1 
This is a question, the answer to which is known by every varnish 
technologist, but which is a little dificult to formulate in precise terms. 
White spirit is a volatile solvent, and solvents with evaporation rates 
rather slower than this aro still considered. volatile. Parattin, however, 
can hardly be classed as a volatile solvent when evaporated at room 
temperature.’ At best it is only partly volatile. It is at once obvious 
that volatility must be described always in relation to temperature, for 
at higher temperatures paraffin is completely volatile. It has been 
suggested elsewhere that Tetralin is the standard by which to assess 
volatility at normal temperatures. A solvent is considered to be volatile 
when its evaporation rate is equal to or better than that of Tetralin.® 

Evaporation Raie and the Effect on Dry—The rate of evaporation of 
a solvent from a film may control, to a large degree, the rate of drying 
of that film. A low boiling solvent with a close boiling range will 
evaporate rapidly and immediately permit the film to complete its normal 
process of drying by oxidation and/or polymerisation. A slowly evapor- 
ating solvent will retard these subsequent drying processes, and solvents 
containing a few per cent of practically non-volatile residue may inhibit 
drying indefinitely. This is demonstrated by substituting white spirit in 
a varnish by paraffin, or by distillate, which is a petroleum hydrocarbon 
intermediate in boiling range betweon white spirit and paraffin. Both : 
distillate and paraffin have this small percentage of relatively non-volatile 
material. 

Factors Influencing Hvaporation Raie—Evaporation rate is influenced 
by the prevailing temperature, tho relative humidity, the vapour pressure, 
latent heat of vaporisation, conductivity, specific heat, surface tension, 
vapour density, solvent power and molecular weight of the solvent, 
the average concentration of the vapour in the air above the evaporating 
solvent, and the degree of association of the molecules. According to 
Gardner, based on experimental evidence, the evaporation rate of a 
solvent is proportional to the product of three constants; the diffusion 
coefficient, molecular weight and vapour pressure.” 
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Tn the form of a varnish film the rate of evaporation is governed by 
other factors, including the pres sence of other solvents, the nature of the 
oleo-resinous material or resin in solution, the viscosity and the thickness 
of film. The concentration of the solution influences evaporation rate. 
The greater the amount of solute present the more the lowering of vapour 
pressure. Experiments conducted by Battline on solutions of castor 
oil in benzol, of varying concentration, have demonstrated. the lowering 
of vapour pressure? Mayer includes othor factors, such as the method 
of application, whether by spraying or brushing, the porosity of the under- 
coat, and the type and quantity of pigments present, 

An example of the effect of solvent mixtures on evaporation rate is. 
the mixture of two common varnish solvents, white spirit and naphtha. 
When the mixture contains 85-90 per cent of white spirit and 10-15 
.per cent of naphtha, a definite minimum evaporation rate is obtained? 

Solvent Retention.—In varnishes there is no doubt that the nature of 
the solute and the viscosity of the film play a very important part in 
controlling evaporation rate, more particularly in the latter stages of 
the process. This phenomenon is commonly known as solvent retention. 
Films of shellac and nitrocellulose have been shown to retain traces of 
solvent weeks after the films were considered dry. Processes have, 
in fact, been devised to season pyroxylin sheets by removal of retained 
alcohol. This is accomplished by successive treatments with ethyl acetate 
and V.M.P. naphtha, followed. by drymg.™ 

Interesting facts on the subject of solvent retention have been 
recorded by Bogin and Wampner. They have found that when the 
flow of a lacquer film ceases it may still contain as much as 25 per cent 
of the volatiles. When the film is dry to touch as much as 13 per cent 
of the volatiles may still be present. 5-8 per cont of the volatiles may 
be present after one week’s air drying. 

Resins, especially those of the highly polymerised types, exhibit 
strong solvent retention. Retention of solvent may give false im- 
pressions of the flexibility, adhesion and tensile strength of a film. 

` During the evaporation of mixed thinners the composition alters. This 
is important, and is a factor which must always be considered in formula- 
tion. Metzinger has published the results of work on this subject.!5 

Chilling and Blushing.-—Rapid evaporation leads to the phenomenon 
of chilling or blushing. Tho extent to which it occurs is governed by 
_ the reduction in temperature which is consequent upon evaporation. 

When a liquid evaporates it absorbs heat from its surroundings, 
that is, the surface with which it is in.contact and the surrounding air. 
When the air, which always contains. some water vapour, is chilled 
below its dew-point, moisture is deposited. If the components of the 
residual film have affinity for water, the deposited water will be absorbed 
and distributed throughout the film, until a stage is reached when one 
component begins to separate, This separation is the visible sign of 
blushing. If the residual film has no affinity for water, blushing’ does 
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not occur, for the deposited water is always kept strictly at the air- 
liquid interface. The more quickly a solvent evaporates the greater 
the extent of chilling; and the higher the humidity of the air the greater 
the tendency to deposit water. 

To some extent water miscible solvents, like ethyl alcohol, can cope 
with water depositions and remove them from the film by conjoint 
evaporation. There is, however, a limit to the efficacy of ethyl alcohol 
in this respect. Butyl alcohol forms azeotropic mixtures with water 
and is sometimes used as a blush preventive. Butyl acetate is also 
claimed to be useful in removing water and minimising blushing. 

A method for evaluating solvent mixtures with respect to blushing 
tendency is described by Mindlin and Zeldovitsch.17 

A thermometer is suspended in a thermostatically controlled air 
cabinet. Its bulb is coated with lacquer and the time taken for it to 
reach its minimum temperature is recorded. The shorter the time the 
greater the blushing tendency. 

Determination of Hvaporation Rate—-There are many methods of 
determining evaporation rates, The commonest method used in routine 
testing of raw materials merely consists in putting one or two drops of 
the solvent under test on a filter paper, and recording the time taken 
for it to evaporate. The evaporation rate may be stated either as 
minutes or as nnits, the urits being based on the time taken for the 
ovaporation of a very volatile solvent like ether. This method is 
sufficiently accurate to distinguish between normal and abnormal white 
spirits. It shows the difference between white spirit and higher boiling 
petroleum distillates very easily. According to Ivanovsky, however, 
this method may give unreliable results when used to determine evapora- 
tion rates of pigmented compositions or lacquers.18 

Another common method of determining evaporation rate is to weigh 
or measure a convenient amount of solvent in a shallow basin, and allow 
ib to evaporate under the prevailing atmospheric conditions against a 
standard solvent. The loss in weight is determined from time to time. 
This method is useful because it provides information on the amount of 
relatively non-volatile material present after evaporation at air tem- 
perature. This non-volatile residue is very important in air-drying 
compositions, since it may result in retarding the normal drying process. 
For stoving compositions, the presence of slowly evaporating solvent 
fractions may cause excessive flow or even cissing. 

An improvement on this method has been used by Rubek and Dahl. 
Their device ensures a constant area of evaporation throughout the 
whole process, and consists in covering the bottom of a flat pan with a 
piece of filter paper which is held down securely by means of a small 
tripod.!® Shank increases the area of evaporation by distributing the 
evaporating solvent or varnish over the surface of lead shot. Special 
balances have been used for determining losses rapidly and accurately, 
and the Hart evaporation balance is typical. 
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A method duc to Wolff and Zeidler is based. on the measurement of 
the viscosity increase of a film consequent upon the evaporation of the 
solvent. 

A mechanically driven turntable is the basis of an Evap-O-Rotor 
described by Lowell." The Jolly balance is used for evaporation rates 
at elevated temperatures.” 

A method for determining the evaporation rate of the solvents from 
a varnish film, due to Gardner, consists in applying the varnish, from 
a weighing bottle, by means of a brush to glass panels. These are then 
weighed at frequent intervals and the losses determined.** 

Other methods for the determination of evaporation rates are due 
to Poleich and Fritz, Hofmann, Ivanovsky,* Bent and Wik,®4 and 
Wetlaufer and Gregor.?? . 

Evaporation rates as determined by different workers are liable to 
be very misleading because of variations in purity, method and con- 
ditions. Wor this reason it is considered inadvisable to include here 
published information, involving figures, of which much is available. 


Flash-Point, Inflammability, Explosive Mixtures and Auto- 
Ignition Temperatures 


The tendency of the vapour from a solvent to ignite is an important 
factor in assessing the value of a solvent for use as a varnish constituent. 
Not only are low-flash solvents a great risk during the manufacture of 
varnishes, etc., but there are many restrictions relating to the use or 
transport of low-fash products. Specifications for varnish compositions 
often stipulate that the flash-point shall not be below 90° F., in other 
cases not below 80° or 73° P. Thus, in evaluating o solvont its flash- 
point must not be overlooked. When once a solvent has been selected 
as suitable, subsequent deliveries should be checked carefully, especially 
if the solvent is delivered in tank waggon., With white spirit, for 
example, there have been cases in the Author's exporience where ab- 
normally low flash-points have been detected. This was traced to tho 
fact that the tank had been used for transporting petrol previously, and 
had been. drained incompletely before refilling. 

Formule enabling flash-points to be predicted have been suggested. 
Ormandy and Craven have suggested two such formule, one based on 
the relation between flash-point and initial boiling-point, and the other 
based on the relation between flash-point and pressure. 


F.pt. — 0-736 x initial boiling-point — 72? C. 
This is satisfactory for hydrocarbons. | 
F.pt. = v log p +- y 
where v and y axe constants and p is the pressure. 


In the case of petroleum solvents, Harrap and Evans 1% draw- 
attention to the fairly close relation between the volatility, measured 
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by the 50 per cent distillation temperature, and the flas she point 88. 
determined by the Abel Flash Point Apparatus. This contention is 
shown in the table below : 


Temperature at which 
Solvent Plash-pt. () 50 per vent is dis- 
tilled (°C) 


S.B.P. 1 . : . . --ὔ9 07 
S.B.P. à . . . . —40 7445 - 
S.B.P. 5 . . . : — 7 903 . 
δ B.P. 3 . . - +15 105-5 
Rubber Solvent αν 8. . '. 4-40 121 
S.B.P. . : . +74. 145.5 
Whito Spirit . . . 4-93 163 





It should be noted, however, that the relationship only holds for 
petrolenm fractions of close boiling range. 

Adjustment of Flash-point —lt happens frequently during formulation 
that it is necessary to raise the flash-point of the solvents used. ‘There 
are several methods of doing this. The most obvious one is to delete 
or replace the solvent with the lowest flash-point. Tt is a common error 
to assume that the addition of high flashing solvent, of necessity results 
in an increase of flash-point. Often the reverse is the case for the flash- 
point may be reduced. Thus solvents prone to form azeotropie mixtures 
are avoided. A good example of lowering of flash-point is given by 
Cannegieter. Varnish naphtha (flash-point 35°C.) when mixed with 
solvent naphtha (flash-point 39°C.) to give a concentration of solvent 
naphtha .of 10-25 per cent shows a flash-point of 24^ O.*9 Another 
method of raising the flash-point is to incorporate some very volatile 
chlorinated hydrocarbons. It has been recorded elsewhere that the 
possibility of the recurrence of inflammability may arise, due to the 
selective evaporation, from the mixtures of the chlorinated hydrocarbons. 
Selective evaporation may be prevented by using solvents with similar 
vapour pressures,?? 

Afeasurement.—Flash-points are measured by means of the Abel, 
Abel-Pensky, or Pensky-Martens instruments. Rossmann and Haug 
have recorded the necessity for stirring during flash-point determinations. 
Errors are especially noticeable with viscous materials, for when these 
were unstirred the flash-points were as much as 1-8° too high. It is 
suggested, therefore, that the Pensky-Martens apparatus with stirrer 
is used.3° 

It is not always convenient to use the standard. method for flash-point, 
determinations since a good deal of time is required, and the verdict 
of the laboratory on a consignment of solvent may be required urgently. 
In these circumstances, rough determinations may be made by warming 
the solvent slowly in a small metal crucible, stirring continuously with 
a thermometer, and passing a lighted taper across the surface of the warm 
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solvent. ‘The results obtained are always higher than those from a 
closed apparatus, but the method. is accurate enough to detect solvents 
which are very abnormal. 

Infammability.—Inflammability is governed by the concentration 
of the vapour and its combustibility, which in turn is governed by 
chemical constitution. Further, the vapour concentration controls the 

. violence of the explosion upon ignition. The lower explosivo limit 
corresponds with the flash-point. Each solvent has, in addition, an upper 
explosive limit. Beyond this the concentration of vapour is too great 
to support combustion. 

Auto-Ignition Temperatures—Since most varnishes are thinned at 
very elevated temperatures the auto-ignition temperature of the solvent 
is worthy of consideration. Generally, the auto-ignition temperatures 
of most solvents are much higher than the normal varnish process 
temperatures. Figures given by Thonipson, however, show that 
turpentine has an auto-ignition temperature of 2527-262? C, aud gasoline 
about 207^ C. These temperatures are well within the limit used in 
varnish manufacture, and careless thinning may result in a fire, even if 
the thinning takes place in the absence of a flame. ‘The auto-ignition 
temperature varies with the type of surface of the containing vessel. 


Solvent Power 


Of all the properties to be considered in the evaluation of solvents, 
solvent power is undoubtedly one of the most fundamental. Many 
methods have been suggested for its determination, but mostly they have 
tho defect of artificiality and are rather too remote from tho preciso 
conditions of practical use. Wherever possible it is recommended that 
the solvent be examined for solvent power, for the solutes with which 
it will be used in the varnish factory. This procedure receives the 
criticism that with common solvents, like white spirit, which are used 
for a great variety of purposes, the process of evaluation becomes unduly 
prolonged in the effort to cover all possibilities. This has led to the 
introduction of short cuts, which, as indicated already, do not always 
duplicate manufacturing conditions. 

| In assessing solvent power sevoral factors have to be considored, 

1. The chemical structure of the solvent. Chemical structure plays an 
important part in conferring solvent power. 

2. The speed with which solution is effected, The shorter the timo 
necessary the better the solvent. 

3. The viscosity of the final solution. Usually the lower the viscosity 
of the solution the greater the solvent power. 

4. The stability of the solution. On standing some solutions tend to 
deposit insoluble matter. Often a good solvent will delay or prevont 
this. l 

5. The minimum possible concentration of solute in solvent which is 
obtainable. On diluting solutions excessively with solvent, precipitation 
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sometimes occurs. The greatcr the permissible dilution without separa- 
tion the better the solvent power of the solvent. 

6. The tolerance of the solvent for non-solvents. The greater the 
amount of non-solvent which can be added to a solution of solute in the 
solvent, the better the solvent power of the solvent. This is an important 
point if the solvent is expensive and can be cheapened by addition of 
diluent, , 

7. The solvent may form part only of a solvent mixture. Many 
mixtures form extremely powerful solvents, even mote powerful than 
any of the individual solvents. 

8. The temperature necessary to effect solution, and the sensitivity 
of the resulting solution to temperature fluctuations, Reduction in 
temperature may cause precipitation. 

Effect of Chemical Structure—The infiuence of chemical structure 
on the solvent power of a solvent will now be considered, The molecules 
of some solvents exhibit a potential difference across themselves and 
are known as polar solvents. They are recognised also by possessing 
high dielectric constants. All solvents containing oxygen, for example, 
iu hydroxyl groups, etc., are polar. Such oxygen containing solvents 
include water, ketones, esters, ethers and. aloohols. 

Alcohola are very polar, esters and ketones ave less polar than. the 
alcohols, and cthers have only slight polar properties. Non-polar 
solvents are represented by aliphatic and aromatic hydrocarbons, 
Unlike the ordinary hydrocarbons chlorinated hydrocarbons have slight 
polar properties. Polar solvents are most effective with polar solutes, 
and non-polar solvents with non-polar solutes. Of the commoner varnish 
ingredients the following have been given as polar: alkyd and phenol 
formaldehyde resins, shellac and cellulose esters. Non-polar ingredi. 
ents include rosin modified phenolformaldehyde resins, coumarone, drying 
oils, bitumens, some waxes and rubber, 

Ostwald has provided nseful means of predicting solvent power based 
on a consideration of dipole moments (w) and dielectric constants (e). 
For cellulose acetate the function u?je is small for inactive liquids, in. 
creases for liquids which demonstrate swelling action, and is greatest 
for liquids which are true solvents.” 

Aromatic Content.—Other differences in . chemical structure affoot 
solvent power. With most varnish compositions and resins, aromatic 
hydrocarbons ave much better solvents than aliphatic hydrocarbons. 
It has been recorded that for resins, aromatic hydrocarbons have twice 
the solvent power of naphithenes and four times that of paraffins.? . "The 
superiority of aromatie hydrocarbons has led, therefore, to the suggestion 
that hydrocarbon solvents should be assessed for solvent power on results 
derived from analyses for aromatic content. Extraction of aromatic 
content by oleum has been used. Another method of obtaining the per- 
centage content of aromatic and unsaturated aliphatic. olefinic hydro- 
carbons is by the dimethyl sulphate test. Equal volumes of dimetly! 
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sulphate and solvent. are gently shaken together. On standing, the 
amount of solvent absorbed by the dimethyl sulphate is determined. 
The percentage solubility is the dimethyl sulphate value, 

Velocity of Solution—Velocity of solution is an important guide in 
assessing solvent power, and furthermore it may exert a profound in- 
fluence on production. This may be examined quite casily by weighing 
out equal amounts of solute, and by dissolving them in similar amounts 
of solvents, by cold churning for a specified convenient time. The 
solvents used being, m one case, the solvent for assessment and in the 
other the standard solvent. At the end of tho allotted churning timo tho 
amount of insoluble matter is determined. 

For lacquer type compositions a method for determining velocity 
of solution has been suggested by Wolff, Zeidler and 'l'oeldto.9 Drops 
of the solvents under test are placed simultancously on the dried film, 
and after a convenient time tho effect on the film, as evidenced by swelling 
or dissolution, is examined. Solutes which yield strong continnous un- 
supported films lend themselves to the following methods of determining 

‘the velocity of solution, The method of Kraus consists in suspending 
strips of the films in the solvents, and noting the time necessary for the 
part of the film in contact with the solvent to detach itsclf.°? Bare and 
Nelson support a film on a wooden frame aud place on it a weighted pad 
soaked in the solvent. The time takon for the pad to completely penetrate 
the film is taken.?® 

Another aspect of the velocity of dissolution of dried films is in the 
application of lacquers and varnishes over undercoatings. 1 the solvent 
of tho finishing material possesses a high velocity of dissolution for the 
dried undercoat film, many defects may arise, In bad cases the under- 
coat will be dissolved, badly swollen, or may be dotached from the surface. 
Τη less severe cases it may be softened slightly, and this will result in 
application difficulties if brush application is used, as evidenced by 
*' pulling " and imperfections in flow, in difficulty in “ joining up” and 
in loss of gloss due to absorption. Stewart and Berwick have conducted 
experiments on the effect of thinnors in overlapping varnish films,?9 

Viscosity of Solution. Viscosity of solution is another means of as- 
sessing solvent power. It is commonly held that the lower the viscosity 
of a solution the greater the solvent power of tho solvent. For nitro- 
cellulose, for example, McBain, Harvey and Smith, have stated that the 
viscosity of solution is proportional to solvent power.® With allkyds, 
too, the relationship between viscosity and solvent power is accepted, 
Medium oil length alkyds are not generally readily soluble in white 
spirit or petroleum hydrocarbons, in that a limit of diluent is soon reached 
at which the solution becomes turbid. Furthermore, the rate of reduction 
of viscosity consequent upon additions of such solvents is low, Often 
there is no apparent viscosity change for quite large additions. With 
solvents of better solvent power, like that possessed by the aromatic 
hydrocarbons, the rate of viscosity reduction is more pronounced, and 
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additions of solvent produce a steady continuous reduction in viscosity. 
Thus, the solvent power of solvents may be determined by dissolving 
a constant amount of solute in similar amounts of various solvents, 
and determining the viscosities of the resultant solutions. Alternatively, 
constant amounts of solute may be dissolved, and solvent added until 
the viscosities of the solutions are equivalent to that of the solution from 
the standard solveut. Solvent power ís then judged from the amount 
of solvent required to attain “ constant viscosity.” 

In using viscosity determinations as a guide to solvent power, the 
influence of traces of impurity may be very marked. In illustration of 
this, a small percentage of butyl alcohol often causes very substantial 
viscosity reduction. Traces of water also exert pronounced effects.“ 

Experiments couducted by Kolke, on linseed stand oil and tung 
oil stand oil, with various solvents, showed variations in viscosity. The 
solution of lowest viscosity was obtained with solvent naphtha, then 
turpentine, petroleum and Decalin.” 

Kurtz, Harvey and Lipkin use a viscosity method for assessing the 
solvent power of mineral spirits for resins. The resin is dissolved in a 


TABLE SHOWING THE SOLUBILITY OF ALKYDS IN DIFFERENT 











SOLVENTS 
Amouri of Solvent required fer 
Alkyd Resin. (Vis, 2-5 poises 
ab 25° 0). 
Alkyd resin L | Alkyd resin 2 
(190 pis). (100 nta.). 
E Per cent. B 
. 1. Turpontine 33 
White spirit 33 115 130 
Decalin ` 34 
2. Turpentine 75 
Naphtha ' ος} 105 115 
3. White spirit 75 - 
Naphtha 25 } 95 110 
4, White spirit 67 
Naphtha 22 70 35 
Butyl alcohol M 
5. White spirit 67 . 
Naphtha 22 76 90 
Collosolvo 1 
6. White spirit 100 122 
7. Turpentine 118 133 
8. Deealin ns ' 132 
9. Hydrogonatod naphtha 90 . 108 








standard. mixed solvent consisting of aliphatic, aromatic and naphthenic - 
compounds. A solution of similar concentration is prepared, using the 
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solvent under test, and the ratio of the two viscosities obtained is called 
the "resin solveney." * A similar method has been used in which the 
solute ia similav to the substances with which the solvent will be used in 
practice, ie. the viscosities of hydrocarbon solvent solutions of a mixture 
of boiled linseed oil and phenolic resin (3: 1) have been compared.” 








‘iscosity of cosiby of ' 
Solvent. M^ É οι wie 
(polses) A. (poison) B. 
Petroleum other . , 0-004 0:28 70 
Benzol . . . 0-006 0-45 75 
Sangajol . - . 0-010 0.73 73 
Carbon tetrachloride . 0-010 0-73 78 
Turpentine v . 0-016 1:15 72 
Deedin . . τν 0-019 130 üt 
Tetraln . : . 0-023 1-60 78 | 


Based on experiments with stand oils, conducted by Wolff and Toeldte, 
it was concluded that low viscosity of solution is not, necessarily, indicative 
of good solvent power. Boller has obtained some interesting results with 
stand oils and has shown that when thinned equal parts by volume the 
viscosity of the resultant solution is governed by the initial viscosity of 
the solvent. . (See Tablo above.) 

Doolittle emphasises that viscosity determinations alone are in- 
sufficient to make a true evaluation of solvent power. Viscosities and 
dilution values correlated by phase diagrams give moro reliable 
information. ` 

"Stability of Solution Stability of solution on standing, and resistance 
to precipitation on excessive dilution are co-related. Solutions of ayn- 
thetic resius, in particular, should be kept under observation for several 
days before making a decision on the suitability of the solvent, for 
Sometimes the solution may become cloudy or separate into two layers. 

Concentration of Solution. Dilution-—The importance of examining 
solvents for the maximum permissible dilution of varnish compositions 
"with them, is readily appreciated. Consumers frequently thin com- 
positions to aecommodate their own peculiar application methods, and 
this sometimes necessitates relatively large additions of diluent, Where 
the maker of the varnish composition also supplies the thinner, he should 
ensure that the thinner will permit adequate dilution without risk of 
precipitation, if complaints are to be avoided. | > 

Some methods for determining solvent power are based on the degree 
of dilution possible with a given solvent. Frandsen adds similar amounts 
of varnish base to a number of tubes. To those tubes are added varying 
amounts of solvent and the contents are thoroughly mixed. After 
‘standing, the contents of the tubes are examined for precipitation, A new 
set of tests is then made covering the range of solvent between the first 
tube showing precipitation and the first one free from it. By this means 
an accurate estimate of the amount of solvent just causing precipitation 
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is obtained. ‘The greater the amount of solvent which can be added 
without precipitation the higher the solvent power of the solvent. For 
this type of test Gardner suggests the use of a short oil varnish base 
comprising 100 Ib. synthetic resin and 12 gallons of oil. Alternatively, 
a heavy blown oil can be used in place of the varnish baso. 

Kauri Butanol Test-—The well-known Kauri butanol test is really 
a dilution test. It consists, essentially, in titrating a given volume of 
a Kauri solution in butanol with the solvent under examination, the 
end-point being, when the opalescence caused by precipitation of gum 
is sufficient to cause blurring of normal print. The greater the amount 
of solvent which can be added before precipitation occurs the better its 
solvent power. Care is needed in preparing the Kauri solution. The 
Kauri is selected specially and cleaned, and 100 gm. aro dissolved hy 
refluxing in 500 gm. butanol (b.p. 114-4?-116-6^ C.), After standing, 
the clear solution is decanted. Precautions must be taken to obtain 
consistency of results by this method. Beard, Shipp and Spelhouse 
have provided the following information. Temperature of titration 
influences results appreciably, higher temperatures yielding higher 
apparent solvent power. Other factors influencing the result are the 
concentration and amount of solution, the presence of water and the 
quality of the Kauri used.t8 Any variation in Kauri from different 
batches can be shown by titrating with a standard grade of mineral 
spirits, kept expressly for this purpose. Many criticisms have been - 
levelled against the Kauri butanol test for solvent power, the chief of 
which is its artificiality, for it shows very little similarity to the con- 
ditions under which the solvent will be used in practice. Moreover, it 
is hard to conceive how ono such test can provide information on a solvent, 
which may be expected.to accommodate all sorts of products. A relation- 
ship between the viscosity of a phenolic varnish and the Kauri butanol 
value has been found.!® 

‘ A modification of the Kauri butanol test, due to Gardner, more 

nearly approaches conditions encountered in practice. A run Kauri 
solution in turpentine is titrated with petroleum spirit. until cloudiness 
develops. The Kanuri solution comprises "run Kauri” (25 per cent 
running loss), dissolved by warming in an equal volume of turpentine 
(b.p. 1537-3170? C.). A further improvement is claimed by titrating 
with solvent, a mixture of equal volumes of the above Kauri solution 
and a heavy bodied οἱ] δῦ 

Aniline Point.—Aniline point determinations are sometimes used to 
evaluate solvent power. For mineral spirits aniline point and Kawi 
butanol value have been found to be in agreement.*” The aniline point 
is the maximum temperature at which a mixture of equal volumes of - 
aniline and solvent become immiscible. Thus the lower the aniline point 
the better the solvent. The details of the method are as follows: 9 0.0. 
of fresh aniline ate mixed with 2-5 o.c. solvent in a tube and warmed. 
On cooling, the temperature is recorded when cloudiness develops. : A . 
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check on the end-point is made by making further slight additions of 
solvent and repeating the above procedure. Reeves claims that the 
aniline point test for mineral spirits is superior to the Kauri butanol test, 
on the grounds of easier reproducibility, and freedom from the necessity 
of standardisation. l 

Mixed Solvents.—As has been indicated already, the tolerance of 
solvents for non-solvents is important. White. spirit may be regarded 
often, oither as a poor solvent or merely as a diluent. Tt is about the 
cheapest of varnish thinners, and for this reason its addition to varnish 
compositions is important, economically. Tt is frequently used in con- 
junetion with the more expensive solvents such as turpentine, and the 
aromatic solvents. Thus both the white spirit and these solvents should 
be checked carefully for solvent power, for the higher the individual solvent 
powers, the larger the percentage of white spirit permissible in the solvent 
mixture, and conseqnently the cheaper it will be. 

Where mixed solvents are essential to obtain the desired result, the 
solvent power of the constituent solvents should not be determined indi- 
vidually, but only in admixture with all other constituents. Many solvent 
mixtures exhibit exceptionally high solvent powers, and permit varnishes 
to be made which otherwise would have abnormally high volatile contents. 

The effect of additions of butyl alcohol or Cellosolve, to mixtures of 
white spirit and naphtha, for use with alkyds, has been shown already 
in a previous table. Bogin has confirmed this fact." Single solvents 
do not always yield clear solutions. Thus damar in benzine is opal- 
escent. If, however, mixed solvents are used, clear solutions are claimed. 
Mixtures of benzine and diacetone alcohol (95:5), or benzine and aleohol 
(90:10) are suggested. Mixed solvents for polyvinyl acetate resins are 
methyl aleohol (88 pts.) with benzene (62 pts.); or ethyl aleohol! (100 
pts.) with benzene (135 pis.) and water (13 pts.) Cellulose acetate is 
insoluble in the dimethylether of ethylene glycol. Addition of water, 
however, to the glycol, yields a satisfactory solvent.5* A mixture ‘of 
ether and aleohol dissolves cellulose nitrate, which is insoluble m cither 
of the individual components. When dichlorobutane is mixed with 
ethyl alcohol, or with ethyl alcohol and toluol it dissolves both cellulose 
nitrate and acetate.5* 

Varnishes based on hard phenolic resin and tung oil, when thinned 
with white spirit or turpentine, may be opalescent or thay develop 
opalescence on ageing. This can be prevented by the addition of a few 
‘per cent of Cellosolve. Mixed solvents are used also to effect other 
improvements such as easier spraying and better adhesion. Additions 
of white spirit and other petroleum hydrocarbons, or turpertine, to spirit 
varnishes is a common procedure. When petroleum hydrocarbons are’ 
used in conjunction with industrial alcohol, cach hydrocarbon should 
be carefully tested for miscibility since variation in behaviour is possible, 

When mixed solvents are used, especially if one componont has poor 
solvent power only, their evaporation rates and the factors influencing 
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them must be studied carefully. If a relatively non-volatile inferior 
solvent is left behind, precipitation may occur in the film during drying. 

Temperatwre.—Temperature controls solvent power to a marked degree. 
Generally, solvent power increases with increase of temperature. In 
testing the suitability of a solvent for a given solute, it is advisable to. 
subject the final solution to lower temperatures than those normally 
encountered, and to examine for separation. A few exceptions are known 
where better solvent power is obtained by reducing the temperature. 
The solvent power of an alcohol-ether mixture for cellulose nitrate in- 
creases with reduction of temperature, Ab — 50? C. methyl alcohol 
becomes a solvent for cellulose esters.59 

Liquefied butane, propane, sulphur dioxide, sulphuretted hydrogen 
and ammonia are solvents for both natural and. synthetic resins.5" 

Solvent Power and Surface Tension —Papkov has suggested surface 
tension determinations as a means of evaluating solvent power. Aro» 
matic solvents with surface tensions greater than 37 dynes per om, 
dissolve or swell acetyl cellulose. Tf the surface tension is less than 
37 dynes per cm. the solvents do not dissolve it. For aliphatic solvents 
the critical limits of surface tension for solubility are 21-7-29-3 dynes 
per cm. Outside these limits aliphatic solvents have no action on acetyl 
cellulose.®8 


Stability 

Solvents vary considerably in their stability. Fortunately, the most 
widely used solvent, white spirit, is an inert material and can be stored 
under any conditions without change. This, however, is not the case 
with turpentine, Due to its unsaturation, turpentine readily undergoes 
oxidation. Peroxide formation, and the properties of oxidised turpentine, 
are discussed elsewhere. Turpentine is not normally transported in motal 
drums. Wooden barrels are commonly used, although Spoon has 
stated that for turpentine from the Dutch Hast Indies sheet iron drums’ 
are satisfactory.5® Corrosion around the bronze cocks of turpentine 
storage tanks is evidenced by a green coloration. Smith and Holman 
have conducted experiments with the object of preventing the deteriora- 
tion of turpentine during storage. A difference in effect was noticed 
in using containers of different metals. After two years, in a steel 
container coated with shellac, no great changes were observed except 
in rate of evaporation. In a galvanised iron drum similarly coated, 
a larger amount of sticky residuo was produced in the turpentine. 
Among agents which are satisfactory for the prevention of deterioration 
are acid sodium sulphite, calcium oxide, powdered magnesium, pyro- 
gallol and hydroquinone. With the last two, however, some darkening 
occurs, In the opinion of these two workers, deterioration can be 
prevented by adding the above agents, keeping the containers full, 
withdrawing water as rapidly as it accumulates and coating the con- 
tainers with shellac lacquer.°° Alcoholic shellac solution, pigmented 
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with red lead, and plasticiscd with venice turpentine, is another com. 
position which is stated to prevent interaction between turpentine and 
the metal of the storage containers. 

Like turpentine, dipentene algo oxidises in the presence of air although 
to a lesser degree. Hydroterpin and balsam turpentine are not per- 
eaptibly auto-oxidisable,*! 

Docalin is completely saturated and stable, but Tetralin tends to 
oxidise, as shown by darkening in colour and the for mation of resinous 
substances. 

Some esters may hydrolyse under moist conditions. Since hydrolysis 
gives rise to free acid which may have a detrimental effect upon the 
varnish composition, especially if pigmented, this tendency must be 
considered. Experiments conducted by Kummel on lactates are inter- 
esting in this connection. When ethyl lactate is boiled with 10 per cent 
of water only 0:05 per cent of free lactic acid is climiuated. No appreci- 
able free acid is obtained when butyl and amyl lactates are boiled with 
10 or 20 per cent of water.% 

Ethyl ether forms explosive peroxides. Di-isopropyl ether is 
particularly dangerous. 

The chlorinated hydrocarbons, as a group, probably show greater 
instability than any other group of solvents. Trichlorethylene attacks 
metals, including aluminium, tin, copper, lead, brass, aud soft steel, 
when heated, a reaction assisted by tho presence of water." Carbou 
tetrachloride attacks lead and copper. ‘The presence of alcohol stimulates 
corrosion. 5 

Storage tanks coated with bakelite or cellulose lacquers can be made 
resistant to the attack of carbon tetrachloride.** Certain substances 
are said to inhibit corrosion and among them are hexylresoreinol, butyl 
mercaptan and triethylamine. Phenols are also used to provent tho 
decomposition of chlorinated ethanes,®? 

The deterioration of chiorinated hydrocarbons generally, on storage, 
is reduced by adding liqnid paraffin, aliphatic petroleum hydrocarbons 
(b.p. 407-232? C.), azo dyes and amino compounds. %? 

` In its corrosive action on metals, dichlorobutane is intermediate 
between dichloroethane and trichlorethylone, the latter having the 
greatest corrosive action." 

At ordinary temperatures in the absence of light and moisture, methyl- 
ene chloride is stable. 


Odour 


The odours of the vapours of solvents, used for varnishes and 
lacquers, deserve more consideration than is usually given to them. 
In formulation it is as well to eliminate or mask solvents which 
_ possess strong penetrating unpleasant smells, for they may form the 
basis of complaint subsequently. Female operators have been found by 
experionce tio be particularly sensitive to unpleasant odours, and their 
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complaints have necessitated the eradication of an otherwise satisfactory 
finish. 

Most good white spirits do not possoss objectionable smells, although 
the vapours from inferior grades have been described as sickly. The 
smell of turpentine is accepted as pleasant, possibly because of its rich 
balsam tang, and small additions to bad white spirits act effectively as 
deodorants. Other deodorants, apart from proprietary brands which 
are used, are dipentene, solvenol, oil of cloves, oil of lemon grass, ail of 
lavender, oil of sassafras, pine oil, nitrobenzene, vanillin, and sometimes 
traces of guaiacol, 

Benzol has a particularly pungent smell, and should be avoided 
whenever possible for this reason alone. None of the smells of aromatic 
hydrocarbons is pleasant, but toluel and xylol are preferable to the 
naphthas, Even small percentages of naphtha in white spirit mixtures 
are very apparent. 

Tar spirit has a very penetrating smell which is decidedly unpleasant. 
The dislike for it is accentuated because of its pronounced tendency to 
cling to clothes, etc. Its use is restricted to a few special high temperature 
bituminous enamels. 

Butyl alcohol is often regarded as objectionable, possibly not so much 
for its smell, as for the peculiar irritating effect it has on the throat, 
inducing coughing. The betrayal of its presence by this means is 
practically infallible. 

The somewhat objectionable characteristic smells of. cyclohexyl 
derivatives probably accounts for their limited popularity. —— 

Gardner has devised a method for comparing the odours of drying. 
films. Lt consists, essentially, of coating the inside of a gallon container 
with the film under test. The container is so constructed that it possesses 
a number of holes at the side of the container near the bottom and a larger 
hole in the cover.*? 


Colour 


Solvents normally do not possess any marked colour. When thoy are 
nob water white, the colours are pale only, and would not be regarded as 
objectionable for most purposes. Where lacquers of exceptional pale- 
ness are required a discoloured solvent should be avoided. Whilst the. 
colouring matter may have no effect upon the resultant film, but this, 
however, is not always the case, its effect on the initial colour of the 
lacquer or varnish may prompt a potential customer to reject it for this 
reason. It is not an uncommon experience for the first impression of a 
lacquer on a customer, to assume a strong influence in deciding in favour | 
of a particular product. Solvents which are most likely to be discoloured 
are coal-tar naphthas. Solvent naphthas often possess à strong golden- 
‘yellow colour, a characteristic property which is governed by storage 
conditions. Special naphthas free from this defect are available. 
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Tar spirits vary considerably in colour from almost water white to a 
deep reddish-brown, depending upon the extent of purification. Since 
its chief use is as a powerful solvent for high temperature stoving bitu. 
minous enamels, colour is unimportant. For other purposes it would, 
of course, have to be taken into consideration. 

Old turpentine stored under adverse conditions may develop a pale 
greenish or pale yellow colour. Fusel oil, which is a crude mixture of 
sevoral different alcohols, sometimes has a pale yellow colour. 

Tn testing solvents for colour they should be examined simultaneously 
for clarity. Contamination with water produces turbidity, and this is 
a fairly common condition of wood turpentine and freshly distilled coal- 
tar naphthas. Whilst it is not advisable to use wet solvents, little 
trouble will be experienced under most circumstances, and in any case 
ageing for a short time clears up the turbidity. 


Impurities 


The impurities most likely to be present in petroleum hydrocarbons 
are sulphur compounds, Tests for presence of these objectionable bodies 
are carried owt by placing a bright piece of copper strip in the flask 
during boiling range determinations. In the absence of sulphur com- 
pounds the copper remains untarnished. According to Upson this test 
is not specific for sulphur compounds in petroleum hydrocarbons, because 
the sulphur may be present in many different molecular forms and a 
negative result may be obtained. For potroleum thinners, however, 
containing sulphur reactive in paints, the copper strip test is satisfactory.” 

Up to 4 per cent of thiophene may be present in coal-tar benzene, 
and commercial toluol and xylol may contain thiotolene and thioxene 
respectively. These sulphur compounds contribute to the objection- 
able smells of these aromatic hydrocarbons. ‘The presence of thiophene 
in benzol is easily deteeted by shaking benzol with a solution of isatin 
in concentrated sulphuric acid. If thiophene is present a deep blue 
colour develops. Mercaptans in hydrocarbons are determined by a method 
due to Malisoff and Anding.” 

Water may he regarded as an impurity in solvents, especially in 
solvents whose affinity for it is groat. Water in hydrocarbon type solvents 
is estimated by Dean and Stark’s method which consists in distilling tho 
solvent mixed with pure toluene. The water is carried over with the 
distillate. Using the same principle Holley recommends using a mixed 
solvent consisting of amyl acetate (5 vols.) and amyl valerianate (1 vol.), 
because he claims that it gives more accurate results than the toluene 
distillation method. As in this method, water is carried over with the 
distillate.” 

_ . Large amounts of water in water miscible solvents are easily detected 
by means of specific gravity. With alcohol an increase is observed. 
A saistfactory method of quantitative estimation of water in alcohol is 

- due to Schutz and Klauditz.”4 The alcohol is heated for two hours under 
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reflux with 10-15 per cent of dry calcium carbide. The acetylene is 
passed into acetone, and the solution is then added to Tlosvay’s cuprous 
chloride reagent, whereby precipitation of euprous acetylide is caused. 
The acetylide is dissolved in 10 per cent acidic ferric sulphate. The 
resultant ferrous sulphate is titrated in the normal way with N/10 potas- 
sium permanganate (L c.c. of N/10 KMuO, is equivalent to 0-0018 gm. 
water). 


Toxicity 


In evaluating a solvent for use in a composition which may have 
widespread industrial application, its physiological effects are of great 
importance. The subject of toxicity of solvents has received considerable 
attention in the last few years. 

Solvents may find their way into the human body by several routes. 
The commonest way is by inhalation. They may be absorbed also 
directly through the skin or may bo taken accidentally through the 
mouth. When solvents are in constant contact with the skin they may 
dissolve out from it the fats, and skin diseases may be caused. 

In varnish manufacture there are many processes where tho operativo 
is liable to be exposed to solvent vapours. These occur during thinning 
of hot varnish or resinomixes, where in the initial stages large amounts 
of vapour are evolved. Solvents which are commonly used for hot 
thinning include petroleum and aromatic hydrocarbons, turpentine and 
tar spirit. The latter is especially objectionable because of the pronounced 
irritant effect it has on the eyes. Another operation where high concen- 
trations of vapour accumulate is during the centrifuging of hot varnishes. 
This treatment stimulates excessive frothing and releases large volumes of 
vapour. Where large quantities of varnish are being continually filtered, 
or where large quantities of volatile thinners like benzine or industrial 
alcohol are added to mixers, high vapour concentrations may be set up. 
Another essential part of varnish manufacture is the cleaning of storage 
tanks and making pots. In the former, men frequently have to got 
inside, whilst in the cleansing of making pots the operator works with his 
head inside at least part of the time. There is little risk of absorption of 
solvent by means of the mouth except by pure accident. The only 
chance of poisoning by this means, is if the operators leave their food 
exposed to atmospheres where high concentrations of vapour exist almost 
permanently. Articles of food like bread and biscuits have been known 
to absorb vapours of xylol to such a marked degree that they have become 
quite unpalatable. There is, therefore, some slight risk that solvonta' 
with less penetrating tastes may be assimilated in food undetected. 

Other operations in varnish manufacture involve almost constant 
contact with solvents themselves. This condition occurs in cleaning . 
containers, tanks, pots and other plant by means of solvents. Further- | 
more, some workmen devlop the habit of cleaning their hands with 
solvent, | ΠΤ) 
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In the application of varnish compositions where large areas are coated 
in enclosed spaces, such as in the coating of silk, calendered cloth, paper, 
eto., the atmosphere is likely to hecome heavily charged with vapour. 
Spraying facilitates the rapid formation of high vapour concontrations 
more than any other method of application. This occurs because the 
composition is ejected into the air in the form of a very fine mist, and the 
conditions are very favourable for rapid volatilisation. 

Damage to workpeople by the toxic action of solvents can be minimised 
and often eliminated entirely by taking certain elementary precautions. 
Obviously the use of the more toxic solvents should be avoided altogether, 
or if their presence is essential the amount used should be kept to a 
minimum. The most important precaution which should be adopted is 
the installation of an adequate ventilation system. ‘The presence of a 
strong smell may be taken sometimes as a rough indication of harmful 
vapour concentration, but it is unwise to rely solely upon this evidence. 
In high concentrations some vapours have such powerful smells that it is 
quite impossible to remain in the contaminated atmosphere for more than 
a short time. On the other hand, the sense of smell is often dulled by 
other vapours, and even strong concentrations may remain undetected - 
until other symptoms appear. To illustrate the fallacy of relying entirely 
on the sense of smell, mustard gas vapours are known to possess the power 
of dulling the normal sense of smell, and in this example the results would 
be disastrous if its presence were undetected. ‘The vapour concentration 
in the atmosphere can be kept to a minimum by avoiding the use of low 
boilihg highly volatile solvents whenever possible, and since volatility 
increases with temperature, the temperature of the workroom should be 
kept low also. It may not be practical to provide adequate ventilation in 
every section of the factory, aud in this circumstance operatives should 
be provided with respirators. When it is necessary to clean large storage 
tanks by introducing a man. inside them it is not sufficient to supply the 
man with a respirator only. The vapours, because of their high density, 
displace air, and there may be insufficient air romaining to support 
breathing. The only safe way to proceed with tank cleaning is to use a 
respirator, the intake of which is fastened to a long air supply line led away 
to a clean air supply. The risks ron by allowing workmen to store their 
food in vapour-laden atmospheres have been emphasised already. Ab- 
' sorption of solvents through the skin can be minimised by the use of 
hand preparations which are well rubbed in before work is commenced, 
' These preparations also have the advantage in that they facilitate the 

cleaning of the hands subsequently, and obviate tho constant use of 

strong solvents for this purpose, 

_ The toxicities of the commoner varnish solvents will now be considered. 
"The order chosen is that of importance of the solvent to the industry: 

rather than of the degree of toxicity. 
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Petroleum or Aliphatic Hydrocarbons 


White Spirit—It is fortunate that although these hydrocarbons are 
the most widely used they are the least toxic. , Cases of poisoning by 
white spirit vapours are rare. A record states that the symptoms pro- 
duced include giddiness and vomiting. An extreme case of intoxication 
resulted in unconsciousness. The chief trouble promoted by white spirit 
is dermatitis, and it is observed when operatives are in contact with the 
liquid for long periods. Some have a distinct susceptibility ta develop 
skin disease in contact with white spirit, and cased have been noticed 
where only one workman, out of several doing precisely similar work, has 
suffered. His removal from the influence of the solvent effected a cure, 
but his re-introduction to it for a short period only reproduced the 
original symptoms. The parts affected were the arms and hands, 
although inflammation of the eyes occurred also, which may be attributed 
to the action of vapour. 

Other Petroleum Distillates.—Hügyhurst, advises against the exposure of 
workmen for long periods to skin wetting by petroleum distillates."* 
Pfanner reports that paraffin causes dermatitis also." Engelhardt confirms 
the tendency of petroleum spirit to eause hyperssthesia of tho skin." 
Petrol taken internally causes intoxication, and narcosis. Pneumonia. 
also seems to accompany these conditions.” Inhalation of petrol vapour 
in several cases has resulted in the following conditions : unconsciousness, 
vomiting, convulsions, delirium, weak respiration, and contraction of 
pupils. In less severe cages the symptoms are those normally associated 
with alcoholic intoxication, or if the vapours have been inhaled over long 
periods of time the patient exhibits lassitude, head noises and even un- . 
consciousness ultimately. The author can testify to the effect of exposure 
to low boiling petroleum hydrocarbons. Exposure of about an hour's . 
duration caused definite intoxication, a blurred vision, inabilty to think 
clearly and general unsteadiness, A peculiar feature was that for several 

days afterwards a smell like that of cyclohexyl derivatives was detected 
at each inhalation. 

The composition of petroleum praducts varies considerably, and the 
records of cases of poisoning have not always taken this factor into 
account. Lazarev, from experiments conducted on mice, has arrived at 
the following conclusions. The toxicity of benzine is mainly due to the 

presence of cycloparaffns. Specifie gravity sometimes serves as a guide 
to toxicity, which increases with specific gravity. Lifschitz states that 
the toxicity of benzine vapour increases with temporature up to 24^ Q8 
Like white spirit, petrol may also cause eczoma.®2 

By comparison with benzol, a petroleum distillate with a similar 
evaporation rate has only about half the toxicity.9? - 


Aromatic Hydrocarbons . 


In this group are included the naphthas, xylol, turpentine, toluol, . 
benzol, Decalin, dipentene and Tetralin. It contains some of the most 
toxic of all solvents, ` 915 
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Benzol.—Benzol, toluol and xylol damage the central nervous &ysbom. 3 
Ferguson, Harvey and Hamilton, from experiments on rabbits and rats, 
have shown that benzol is more toxic than toluol, bub that its effects 
disappear more rapidly’ Its groater toxicity is attributed to its greater 
evaporation rate. ‘The initial indications of benzol poisoning may be a 
stimulation. Toxic cffects are secondary.“ Milburn has also considered 
the relative toxicity of benzol, toluol and xylol55 Benzol is highly toxie. 
Recent work on the toxicity of benzol has been conducted by Charlier and 
Angenot,86 The symptoms it produces in cases of nvute poisoning vary 
from, nausea, vomiting, headache, giddiness and tightness in the chest to 
convulsions, paralysis and unconsciousnoss in more sovero cases.97 The 
symptoms of chronic benzol poisoning are, according to Smith, headache, 
excessive fatigue, dizziness, nausea, anorexia, nervousness, numbness and 
tingling. More severe cases of chronic benzol poisoning exhibited 
hemorrhages from, the gums and nose, and eruptions.” Tho symptoms af 
benzol poisoning are similar to those characteristic of acute senrvy.2? 
Death may result from severe cases of poisoning. With aromatic lydro- 
carbons in general the tendency to promote dermatitis is always present.”” 

` Hamilton records that; sufferers from benzol poisoning also show diminished 
resistance to infection. ”®® Nervousness and lung troubles aro reported to be 
characteristic of females suffering from benzol poisoning. Hansen has 
reported fatal cases where pulmonary lesions were indicated. He draws 
also & distinction between the effects of light and heavy doses of benzol 
vapow. The former produce temporary headache and nausea, but 
heavy doses may cause unconsciousness and cyanosis. The heart and 
breathing may be affected also. 

Because of the toxicity of benzol, its estimation in the air has at- 
tracted a good deal of attention. Suggested methods are given below. 
A methad due to Harbeck aud Lunge, later modified by Smyth, consists 
in nitrating the benzol vapour by passing it into a mixture of nitric and 
sulphuric acide. The dinitrabenzene formed is removed and titrated with 
_titanous chloride. In another method, benzol vapour is collected on the 
surface of glass beads at the temperature of sold carbon dioxide... After 
purification it is shaken with 5 o.c. of forrous sulphate (} per cont. solution) 
and 2 e.c, of hydrogen peroxide (1 por cent.) If 0-008 c.c. of benzol are 
present a brown colour is produced in five mmutes. If more benzol is 
present a black precipitate is obtained. A method involving direct quan- 
titative estimation consists in absorbing the vapour on activated charcoal 
and determining the increase in weight, Another method of benzol 
estimation consists in drawing the air containing the vapour through 
concentrated sulphuric acid containing a few drops of formalin. The 
reddish-brown coloration, produced in the presence of benzol, i& com- 
pared colorimetrically with a standard solution of sodium nitroprusside.” 

Toluct—Toluol, like benzol, has a strong narcotic effect, but unlike 
the latter it does not produce convulsive neurotoxic offects.™ Although it 
is normally stated to be less toxic than benzol, toluol in high concentra- 
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tions may be more toxic. In fact, Lehmann states that under these 
conditions it is two-thirds more toxic than benzol.” According to Stocké, 
the syntptoms of acute poisoning are intoxication, headache, nansea, 
disturbance of equilibrium, vomiting, paresthesia and unconsciousness, 
although the later state is rarely produced. With chronic poisoning, 
in addition to headache, nausea and vomiting, other symptoms are 
sleeplessness, giddiness, incapacity to work, nervous irritability, loss of 
appetite and throat irritation. Workers suffering from chronic toluol 
poisoning exhibited, in addition to other symptoms, digestion troubles and 
hypersensitivity to alcohol.”® A fatal accident during the application 
of a chlorinated rubber paint was attributed to toluol poisoning." 

AXylol.— Xylol is considered to be less toxic than benzol. The symptoms 
it prodtices are very similar to those of toluol poisoning. Up to 1937 no- 
fatal case had been reported. A spectrographic method of estimating 
xylol has been devised by Luszak.°8 

Coal-tar Naphthas-—Erom a consideration of the chemical composition 
of coal-tar naphthas, it would be expected that their toxicity would 
resemble that of the purified. fractions, benzol, toluol aud xylol. 

The effect of naphthas is likely to be variable, because of the greab 
variation in composition and volatility of commercial grades. Normally 
toxicity is not so marked as that of benzol. In general its acute effects 
are similar to those of benzol, although bronchial irritation has been 
reported in addition. Cases of chronic poisoning are few, but again the 
symptoms are similar to those of benzol, toluol and xylol. 

Recent work on the toxicity of coal-tar naphthas has been reported 
by Bowditch and Elkins, and Taylor.” According to Twort and Twort 
gas-tar products may cause dermatitis and caneer.199 

Turpentine.—Turpentine has attracted a good deal of attention in the 
past by reason of its supposed toxic properties. Controversy has occurred, 
in attributing the poisoning to turpentine, or to the lead pigments which 
so often have been associated with it. There is no doubt, however, that 
turpentine has definite toxic effects. Taken by the mouth it is an irritant 
poison, causing both irritation of the stomach and the kidneys. Inhala- 
tion of the vapours has produced fatal results. Symptoms of acute 
poisoning are intoxication, irritation of mucoug membranes, headache, 
giddiness, nausea, sickness, stomach paina and possible kidney injury. 
Cases of chronic turpentine poisoning are rare. Normally cases of 
poisoning recover fairly rapidly. There iş evidence of turpentine attack- 
ing the skin. Engelhardt has stated that it can causo hyperæsthesia. of 
the skin,? With reference to the tendency of East India turpentine to 
cause dermatitis or eczema, Spoon claims that the effect is not general but 
arises through individual hypersensitivity.!9: 

Dipentene—Although dipentene is similar to turpentine chemically, 
up to 1937 no cases of poisoning had. been reported. 

Decalin and Tetratin—The hydrogenated naphthalenes, Decalin and 
Tetralin, are used to some extent in varnish manufacture, but of the two 
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Docalin is by far the more popular. Although "Fetralin has « lower evapora- 
tion rate than Decalin if appears to be far moro toxic. As far as can be 
ascertained no cases of poisoning have been reported with Decalin. Tetralin, 
however, produces nervous depression and local irritation, According to 
Koelsch the symptoms consequent upon inhalation are not serious, in- . 
cluding irritation of the eyes and throat, headacho, sickness and nausea, 10? 


Alcohols 


Ethyl Alcohol.—The noxt most important group of varnish solvents is 
that embracing the alcohols. Of these ethyl alcohol, in the form of 
industrial alcohol, is the most widely used, followed by butyl alcohol 
which is next in importance. Other alcohols, such as propyl, amyl and 
methyl, are used to a lesser extent. The relative toxicities of the alcohols 
vary considerably. Apart from the fact that methyl alcohol is considered 
more dangerous than ethyl alcohol, the toxicity tends to increase with 
molecular weight. Amyl alcohol is stated to be very toxic! Tt is con- 
firmed that methyl alcohol is worse than ethyl alcohol, from the point of 
view of chronic poisoning, but ethyl aleohol produces more acute effects." 
Exposure to ethyl alcohol vapour may produce headache, irritation of the 
_ eyes and nose, and drowsiness, Loewy confirms these symptoms produced 
as the result of repeated exposure to the vapour.1?? James reports that 
intoxication may occur through absorption by the αἰκίᾳ, 196 Cirrhosis of the 
liver, and heart trouble, may be the result of inhalation of aleohol vapours, 
In assessing the toxic, effect of alcohol the possible presence of pyridine 
should not be overlooked. The toxic effects of pyridine may be errone- 
ously attributed to ethyl alcohol. Operativos who are more or less 
constantly in an atmosphere containing ethyl alcohol vapour do not 
appear to be easily affected by it. They seem to bo less susceptible to its 
influence than others who are unaccustomed to it. Atmospheres charged 
with enough vapour to cause the first symptoms of intoxication in most 
people, have no effect on operatives who are continually subjected to the 
influence of the vapours. Haggard and Greenberg estimate ethyl alcohol 
vapour in air by decomposing it with iodine pentoxide. 107 

Butyl Aleohol—_ With butyl alcohol cases of industrial poisoning are 
rare. There appears to be little real evidence available on the toxicity 
of butanol where complications, due to the presence of other solvents, are 
absent. This alcohol appears to cause eye irritation and anemia, It 
has an immediate -effect on the throat causing coughing, and exposure 
to the vapour produces headache. 

Methyl Alcohol—Methyl alcohol has a much worse reputation, In- 
gestion or inhalation may result in blindness, Where methyl alcohol has 
been used in enclosed spaces unconsciousness and fatalities have occurred. 
Further, it should be treated with great care, because it is not rapidly 
eliminated from the body, and thus has a cumulative effect when exposure 
is continuous. Like ethyl alcohol it is absorbed through skin. Other 
damage to the body by this alcohol includes ansemia, eye lesions and 
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presiratory inflammation. According to Browning,!?* the more general 
symptoms are intoxication, headache, vertigo, impairment of vision and 
gastro-intestinal disturbances. Kruger reports the appearance of eye 
diseases, resulting from using a varnish based on a solvent mixture, com-, 
prising methyl alcohol, butyl acetate and butyl aleohol.99 Allyl alcohol 
is very toxie, and the toxicity of methyl aleohol derived from wood dis- 
tillation is said to be produced by the allyl alcohol content. Allyl 
alcohol is absent in synthetic methyl alcohol.119 

Propyl Alcohol.-—About the toxicity of n-propyl alcohol, little informa- 
tion is available, and industrially it is uot generally regarded as a dan- 
gerous solvent. It differs from ethyl aleohol in that it shows a much 
reduced tendency to be absorbed through the skin. 

Amyl Alcohol—With amyl alcohol and fusel oil, which is a complex 
mixture of several alcohols, evidence of industrial toxicity is inconclusive. 
According to Plury and Zemik the symptoms of chronie poisoning are, 
amohg others, headache, giddiness, vomiting, diarrhea, irritation of 
mucous membranes, impairment of vision and delirium. Sometimes 
death oecurgs.1 


Ketones 


The most important of the ketones used in the varnish trade aro 
acetone and methyl ethyl ketone. Durrans states that the narcotic 
action of acetone is more rapid than that of methyl alcohol. The latter, 
however, is much more toxice. 

Sklianskaya, Urieva and Mashbitz, in comparing the relative toxicities 
of the two solvents, record that although methyl alcohol is more toxic at 
low concentrations, acetone is more toxic at higher concentrations. 

Acetone can be drunk in small doses, apparently without ill effect, 
whilst exposure to vapours causes headache, irritation of the nose and 
throat, and intoxication. Methyl ethyl ketone irritates the eyes, nose 
and throat. 


Chlorinated Hydrocarbons 


Except in the preparation of non- inflammable paint removers, M 
cleaning or degreasing plant, and when used in small quantities to raise 
the flash-points of low flash mixtures, chlorinated hydrocarbons find little 
application in the varnish factory. These solvents are characterised by 
their strong narcotic effect. Some of them are very toxic and their use 
industrially has been prohibited in some cases. They should be used 
with great care. The order of toxicity of some of the commoner ehlorin- 
ated hydrocarbons has been given as: least toxic, perchlorethylene and. 
carbon tetrachloride, followed by perehlorethane, trichlorethylene, di- - 
chlorethylehc, chloroform, pentachlorethane, and tetrachlorethane.“ 
Chloroform may produce unconsciousness and death. Methylene diclilo- 
ride cansos irritation of the nose. and throat, stimulates the action of the- 
heart, and disorganises the respiratory system. Its narcotic effect is less 
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than that of chloroform, Woblers states that it is relatively non-toxic 
and is used in varnishes, lacquers and removers 1 Carbon tetrachloride 
causes intoxication. Sufferers from chronic poisoning show tiredness, 
headache, dizziness, paræsthesia, decreased potency, stomach disorders, 
ang musele twitching. ®t Jaundice, impairment of vision, and kidney and 
liver injury, are other characteristics of severe carbon tetrachloride 
poisoning. Tetrachlorethane is especially dangerous. Its narcotic affect 
is much more pronounced than that of chloroform. Jaundice and 
damage to the liver result from chronic poisonmg. Pentachlorethane 
resembles tetrachlorethane in its toxicity. vichlorethylene is a powerful 
narcotic but does not appear to affect the kidneys and liver. Roholm 
reports that it has a special intoxivating effect on certain brain nerves. 
Christiansen states that it; may cause lung injuries? Barrett, Cunningham 
and Johnston have conducted recent work on the toxicity of chlorinated 
hydrocarbons! 


Cellosolve 

The toxicity of Cellosolve appears to be of a very low order. Apart 
from possible eye irritation, and probable slight damage to the liver, no 
other harmful effects have been discovered. Continuous exposure to low 
concentrations of the monomethyl ether of ethylene glycol is said to 
cause poisoning, however 1? 


Esters 


Esters generally, of the acetate type, do not posseas the toxicity 
exhibited by some of the former solvents. 

Methyl acetate has an irritant effect on the eyes, nose and throat, 
but no definite cases of severe poisoning have been reported, Since on 
hydrolysis methyl aleohol is climinated, the toxic effect of the ester may 
be due chiefly to the products of hydrolysis. 

Ethyl acetate is a stronger narootic than mothyl acetate, but is similar in 
producing local irritation. It possesses also a tendency to cause eczema. 

The evidence of toxicity of butyl acetate is generally inconclusive. 
Symptoms of poisoning attributed to it, are local irritation, headache, 
stomach disorders and bronchial catarrh. 

Amyl acetate is more toxic than acetates of lower molecular weight. 
It is effective both as an irritant and a narcotic. Tt may damage the 
liver and kidneys, stomach and respiratory organs. Ita irritant effect 
is further shown by its action on the eyes, nose and throat. Other 
symptoms of amyl acetate poisoning are intoxication, giddiness, and 
disorganised breathing and pulse. 


Other Solvents 


There are many other solvents used in varnish and lacquer manu- 
facture in small quantities, and information on their toxicity, as well as 
more detailed information on the solvents already considered, is provided 
in à comprehensive summary by Browning 150 
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Detection and Estimation 


Aromatic Conient.—Yhe estimation of aromatic content in aromatic 
thinners like naphtha, in petroleum hydrocarbons, or in mixtures of 
coal-tar solvents and petroleum hydrocarbons is important, for it is on 
this that the solvent power depends to a very large extent. Methods of 
extraction of aromatics, involving oleum and dimethyl sulphate have 
been mentioned already. For solvents containing small amounts of 
aromatics only, absorption by silica gel is suggested." A method due 
to Grosse and Wackher is based on specific dispersions, The aromatic 
content is equivalent to 


100(8,, — 0-16 x: Br value — 99) 
(8, — 99) 


where òm is tho specific dispersion at 20° C. of the mixed solvent, and 8, 
is the specific dispersion of an aromatic solvent of similar boiling-point.1* 
Refractive index determinations form the basis of another method of 
analysis. Fuming sulphuric acid (20-30. per cent of sulphur trioxide) 
is allowed to react wpon mixed thinners for ten minutes. The composi- 
tion of the thinners is determined by a comparison of the refractive 
indices of rafinate and original thinner.” ‘Benzol can be detected 
colorimetrically by its reaction with hydrogen peroxide and ferrous 
sulphate. <A black precipitate or brown colour is obtained, ή 

T'urpentine.—Turpentine polymerises on treatment with sulphuric 
acid, and this forms the basis of a test for purity of turpentine and for 
estimating the amount of turpentine in white spirit mixtures. In the 
turpentine polymerisation test, a few c.c. of the solvent to be tested 
are treated with a large excess of concentrated sulphuric acid. The poly- 
merisable portion of the solvent disappears with the acid portion, whilst 
the unpolymerisable part of the turpentine, together with white spirit, 
etc. separate as an upper portion. Turpentine itself has about 10 per 
cent of unpolymerisable material, and this must be considered in deter- 
mining the turpentine content of mixtures. Ladd and Roberts report 
that thinners free from turpentine may yield 15-20 per cent of poly- 
merisable material!?9 Qualitative tests for turpentine involve the for- 
mabion of coloured bodies. When 2-3 o.c. of chloroform, and one drop 
of antimony pentachloride, are added to two drops of solvent, an im- 
mediate dark red colour is obtained in the presence of turpentine. "The : 
colour subsequently changes to purple and the mixture becomes turbid, 
A pale brown colour, changing to pink, is given by petroleum hydro- 
carbons and benzene. Shestakov uses tin tetrachloride which with 
turpentine forms a brownish oil. Further colour changes are observed 
when this oil is shaken with water, the colour passing successively from 
brown to blue, green and ultimately yellow. Ifa solution of turpentine 
in benzene is used, a brick-red precipitate is deposited.*2” Because tur- 
pentine is unsaturated a high iodine value may indicate its presence. 
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Heslers.—Information on esters is derived from saponification values. 
A complete process for the analysis of lacquer solvents has been worked 
out by Watts and Metzinger. Methods of analysis of solvents have been 
described also by Martin. 1?! 

Alcohols.—An excellent method for estimating hydroxyl value involves 
the use of acetyl chloride and pyridine. Acctyl chloride solution (10 c e. ; 
of acetyl chloride 118 o.c., diluted to 1,000 c.c. with toluene) is cooled in 
ice, and pyridine (2 c.c. )i is added, "Phe solvent under test is weighed into 
the mixture in a flask, in amount such that a substantial excess of acetyl 
chloride is present. The whole is then thoroughly shaken and maintained 
at 60° C. for twenty minutes, diluted, and shaken with distilled water 
(25 œc.) and titrated with sodium hydroxide solution, using phenol 
phthalein as indicator. The decrease of acidity computed against the 
titration of a blank experiment is a direcb measure of tho hydroxyl 
content of the mixture.” 

Secondary alcohols can be oxidised to ketones, and this procedure 
has been suggested for their determination in the presence of primary 
alcohols. 

Christensen and Fulmer have devised: a scheme for determining the 
constituents of an acetone, ethyl alcohol and n-bubyl alcohol mixture. 
The alcohols are oxidised with dichromate and extracted with carbon 
tetrachloride. The acetone is determined by an iodometric method. 

A method involving Magdala red is used to distinguish between 
hydrocarbons or ethers, basic compounds, and hydroxy or ketonie com- 
pounds. Hydroxy or ketonic solvents give fluorescent solutions, basic 
solvents give solutions with no fluorescence, and hydrocarbons or ethers do 
not dissolve the coloured body. Aldehydes obtained by the oxidation 
of n-propyl, 2-butyl, isobutyl or amyl alcohols, yicld characteristic colours 
after treatment with o-nitrobenzaldeliyde uuder alkaline conditions. 08 

Traces of primary alcohols or similar aldehydes may be estimated by 
titration with CIN ehromie acid in dilute nitric acid.19? 

The interaction of o-nitrobenzaldehyde and acetone to form indigotin 
has been used ay a method for acetone detection. 

Ketones —Hithyl aleohol or solvents which have a methyl group 
attached to a carbonyl group, for example, aldehydes and ketones, give 
a positive iodoform test. Some other alcohols, on oxidation, yield suit- 
able ketones or aldehydes, and thus the iodoform test can be used as a 
means of detecting them also, 

Trichlorethylene—Trichlorothylene may be detected by the red colour 
obtained by treatment with pyridine and caustic soda, 


PROPERTIES 
Petroleum Hydrocarbons 


Crude petroleum occurs in many widely separated parts of the world, 
including Mexico, Texas, Pennsylvania, California, Southern Russia 
(Baku), Rumania, Galicia, South Persia, Venezuola, Burma, Assam and 
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Borneo. Except for the very volatile constituents, every fraction of crude 
petroleum has some use in varnish manufacture. 

The chemical composition of crude petroleum varies considerably with 
its origin. Thus American crude oil, generally, is mainly paraffinic in 
character. Petroleum from South-Western America is claimed to be 
rich in aromaties.5 Texas crude is on an asphaltum base. Borneo 
crude contains aromatic hydrocarbons, and benzene and toluene have 
been reported to be present. A white spirit with excellent solvent pro- 
perties, derived from Borneo crude oil, has been sold under the name of 
Sangajol. Durrans states that white spirit from Rumanian crude has the 
greatest general solvent power? Naphthenes or polymethylene hydro- 
carbons are characteristic of Russian oil. Petroleum from Burma contains 
large quantities of wax. Aromatic hydrocarbons are extracted from 
petroleum by means of the Edeleanus process which involves the use of. 
liquid sulphur dioxide. Glacial acetic acid hag been suggested as a 
selective solvent for the removal of. unsaturated hydrocarbons from 
petroleum distillates.4% 


Fraction, BPE COJ Tises. 


Petrol (gasoline) . 45°--1.85° C. Jmpregnating insulating varnishes, 
quick setting adhesives and other 
quick setting products. 


Petroleum others. | 1. 40?-00? C, As for petrol, but for producta whero 


9$. 6(-80? C. more rapid ovaporation is required. 
35. 805-100» Ο, This js possible because of absence of 
Petroleum bonzine . 55-155. G, high boiling matorial. 
White spirit . . 1507-200? C. For air-drying and stoving com- 
᾿ positions of many types. 
Distillato . . 140°-245° ο. À cheaper solvent than white spirit, 


occasionally used in air-drying com- 
positions whore speed of dry is not 
essential. Chietly used in stoving 
compositions. 


Paraftin , . 1507-280? C. As a thinner for stoving composi- 
tions, and ag a cleaning liquid. 
Lubricating oil, 


white oil In stoving compositions to provide 





Vaseline . ᾿ -- “slip. In paint removers. 

Paraffin wax . — 

Petroloum bitumen . --- In Brunswick blacks, black insulat- 
ing varnishes, black japans, stains, ote, 

Naphthenie acids — . — In naphthenate ἀνίοτα, 


White Spirit-—The development of white spirit production and 
testing has been summarised by Stewart. 

Evidence supporting the statement of the variable composition of 
commercial white spirit is shown by substantial variation in speaific 
gravity, of which the limits of 0-777 to 0-800 at 15? C. have been reeorded. 
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Differences in solvent power are exhibited alao. Variations in boiling 
range and evaporation rate are nob so common (see table on page 284). 

For many years turpentine held pride of place as æ varnish thinner, 
but it is now retained only to exploit its characteristic smell which, alas, 
is still regarded by some as the true criterion of varnish quality, or in a 
few products to specification, or by reason of its good solvent power for 
certain resins. In ordinary oleoresinous varnishes, anc in many synthetic 
varnishes, white spirit is a cheaper satisfactory substitute, ‘Turpentine 
has a rather better evaporation rate than white spirit, but in the normal 
air-drying varnish which requires several hours to dry, the difference is 
unimportant. Where solvent power is of primary importance there is a 
logical reason for using turpentine in place of white spirit. The solu- 
bility of medium oil length alkyds in white spirit is not entirely satis- 
factory, for although it may be possible to thin them with white spirit, 
the amount of thinner necessary to obtain a convenient viscosity may be 
abnormally large, resulting in poor film thickness. Thus turpentine is 
used in the preparation of many air-drying alkyd finishes. For a similar 
reason, turpentine is used in place of white spirit in some pure phenolic 
or modified phenolic varnishes. 








TABLE SHOWING THE PROPERTIES OF WHITE SPIRIT TYPE 
SOLVENTS TO AMERICAN, GERMAN AND BRITISH. 
᾿ SPECIFICATIONS 
American Amoriean German British 
Deseription Potroleum Stoddard Paint benzino | White spirit.. * 
spirita solvent 
(mineral spirits) 
Specification ASTM, No. 848 B.8.8, 245 (1030) 





D, 235-39 


Non-volatile — --- «0:3 g. from | «0-295 at. 100? 
residue evaporation of | C. 
i 100 ο.α. «00965 at 60° 
19, 
Sulphur No marked Only slight Froe from Fro — from 
compounds | blackening of | discoloration of | sulphur com- | objectionable 
copper afber 30 | copper after 3 | pounds which | sulphur com- 
ming, at boil- | hours ast 212°.) would darken | pounds, 
ing-point οἳ pigments 
spirit 
Flash-point >100° F. >100° P. >70° F. ΠΒ y. 
Boiling range At least 50% Atleast 50% Tb 5% ab 10% αὐ 


* Abstracted by permission from British Standard Spocification 245, White 





ab 1706? C. 
2105 C. max. 





at 176° C. 

At lenst 90% 
at 190? C. 
210? C. max. 





135? C. At 
least 90% ab 
200^ C. At 
leaust 0795 nf 
23050, 





At 
he- 


1505 C. 
least 80% 
low 190? C. 


Spirit, official copies of which can be obtainod from tho British Standards Insbitukiou, 
28 Victoria St., London, S.W.I. 
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Other arguments extended in favour of turpentine against white 
spirit, are the improvements which it is claimed to give in di ying time, 
film thickness, durability and adhesion. A good dea al has been written 
concerning the influence of turpentine upon the normal oxidation process 
of unsaturated oils, wherein it performs the rôle of an intermediary in 
passing on the atmospheric oxygen. If amy, substantial advantage in 
drying time is obtained, which in the experience of many is very doubtful, 
the great discrepancy in cost between turpentine and white spirit renders 
preference for the former most unlikely. With reference to increased 
film. thickness, it is true that turpentine contains a small percentage of 
non-volatile material which would contribute to this, but the advantage 
gained is practically negligible. Colledge has reported that destructively 
distilled wood turpentine increases the durability of paint films.1° 
Dupont, by reason of the extra durability obtamed for paint films by 
using old turpentine, records that it is more economical than white 
spirit even in cheap paint products. Brock, however, contends that 
the ultimate durability is similar whether turpentine or white spirit is 
used. The higher solvent power of turpentine tends to soften recently 
applied undercoatings, and enables finishing coats to key better. Wolff 
and Zeidler,!? and Gardner, have emphasised the advantage of turpentine 
in this respect, although under some conditions softening may be a 
disadvantage. Advantages of white spirit over turpentine include 
chemical inertness, which makes for stability on storage, constancy of 
colour, and less tendency to lift undereoatings. Absence of smell is also 
considered an advantage sometimes. White spirit is less toxic than 
turpentine. 

White spirit is a good solvent for drying oils both natural and poly- 
merised, although its solvent power is not good enough to permit the 
preparation of dilute solutions of blown linseed oil without turbidity or 
gelation on storage. It is not a solvent for hard fats like tristearin. Tt 
is a solvent for run natural copals in sufficiently concentrated solutions, 
and dissolves rosin, rosin ester, copal ester, limed rosin, damar, the 
softer modified phenolic or malcic resins, coumarone, and long oil allxyds 
readily. It does not dissolve soft Manila, sandarac, shellac, accroides, 
hard modified phenolic resins, pure phenolic resins, hard maleic resins, 
short oil alkyds, urea formaldehyde, vinyl, acrylic, or polystyrene resins. 
It is a solvent for petroleum bitumens and gilsonite asphalium. 

Apart from its use as an oil or synthetic varnish thinner, white spirit 
is used in terebines and wood preservatives, as a solvent for metallic 
drying salts, in insecticides, in metal and wax polishes, in cleaning solu- 
tions, and in spirit varnishes based on industrial alcohol to improve 
spraying. properties. Addition of a few per cont of white spirit to an 
alcoholic solution of solvent-extracted shellac (hard Jac resin) is said to 
confer extra hardness on the dried film, A quickly evaporating petroleum 
distillate (b.p. 45°-100° C.) is used in a spraying lacquer containing shellac 
with a little accroides, dissolved in industrial alechol. 
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Petroleum Ethers, Benzine and Peérol.—Vhe lower boiling fractions 
from petroleum which include the so-called petroleum ethers, benzino, 
and petrol, are used chiefly in impregnating insulating varnishes. They are 
chosen for this purpose because their high rate of evaporation facilitates 
their removal from the internal interstices of coils, ete, They have 
similar solvent properties to white spirit, but specific gravity and flash- 
point are both substantially lower. 

Petroleum Substitutes for Benzol; T'oluol, and. Xylol.—Aliphatie hydro- 
carbons from petroleum have been produced with boiling ranges similar 
to those of benzol, toluol and xylol, and for certain purposes substitution 
of these aromatic solvents has been elfected.44 The petroleum used for 
their manufacture must be carefully selected otherwise the solvent powers 
compare very unfavourably with those of the coal-tar aromatic hydro- 
carbons. Borneo crude rich in aromatics is chosen. The benzol sub- 
stitute has a boiling range of 75°-95° C.; toluol substitute 100°-120° C. 
and xylol substituto 140°-160° C48 

Distillate —Distillate is a petroleum fraction with properties inter- 
mediate between those of white spirit and parafün. It is used primarily 
because ib is cheaper than white spirit. It is used in some cheap air- 
drying products, but the presence of a large amount of slow evaporating 
material seriously retards the normal drying process. In stoving varnishes 
it is quite satisfactory, and its slow evaporation rate aids in stimulating 
good flow. In compositions where penetration is required, as in stoving 
impregnating varnishes for paper, distillate is a popular solvent. 

Paraffin. —Paratin has too low an evaporation rate to be used in air- 
drying compositions, and in many low temperature stoving varnishes or 
media it is also considered to be unsatisfactory. Tis chief use is in high 
temperature stoving finishes, especially in stoving black enamels on an 
asphaltum base. The normal stoving temperature of these finishes is 
included in the range 350°--475° F. The flow of enamels on cycle frames 
passing. through a conveyor is of the greatest importance. Paraffin 
enables adequate flow to be obtained, so that the possibility of aceumula- 
tions of enamel with consequent rivelling is precluded. The film is kept 
“open ” by the paraffin and any excess drains away. Parafin is used 
also as a solvent for metallic soaps in wood preservatives, A charactor. 
istic of many paraffins is that they exhibit a slight bluish fluorescence in 
bulk. 

Vaporising Oil—AÀnother useful petroleum hydrocarbon solvent is 
vaporising oil or vaporising spirit, often described by the letters "T. V.O. 
Tt has a boiling range approximately intermediate between that of dis- 
tillate and paraffin. It is not used for air-drying compositions because 
of its low evaporation rate, but is a useful solvent for stoving finishes, 
It is a better solvent than either paraffin or distillate bocanse of the 
presence of aromatics, which may constitute up to 40-60 per cent of the 
`- solvent. For synthetio stoving finishes where a solvent of moderately 
good solvent | power is required, such as those based on pure phenolic-resin 
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tung oil combinations, the use of vaporising oil is recommended. Tts pene- 
trating properties are excellent, and for this reason ib is incorporated in 
impregnating varnishes for paper and fabrie. Consignments of this 
solvent sometimes have pale straw colours, but for most purposes this is 
not considered detrimental. 

S.B.P. Spirils.—S.B.P. spirits, or special boiling-point spirits to give 
them their full description, are a valuable series of solvents produced as 
the direct result of the war. They are all light petroleum solvents pro- 
duced by distillation from specially selected and refined naphthas. Chem- 
ical treatment is applied to remove undesirable sulphur compounds and 
eliminate objectionable smell. 

Before the war the varnish trade bought a large variety of petroleum 
solvents masquerading under many names—benzine, 770 spirit, ete. 
These have now been telescoped into six S.B.P.s, Pool Rubber Solvent 
(R.S.), Pool White Spirit, and Pool distillate. 

An excellent paper by Harrap and Evans? gives, in exceptionally 
elaborate detail, the physical properties of these solvents. These two 
workers have done an invaluable service to varnish formulators, in that, 
for the first time, they are equipped with comprehensive information on 
the whole range of available petrolenm solvents. 

The whole of the information included on these solvents has been 
extracted from the above paper. The usual physical constants are 
included in the table of Constants of Solvents. 

The table given below shows that the S.B.P.s, R.S., pool white 
spirit, kerosene and vaporising oil consist chiefly of paraffins and 
naphthenes. The amount of. unsaturated hydrocarbons is low, with a 
maximum of 2-5 per cent, but the aromatic content assumes importan 
proportions in some of the 8.B.P.’s and the other solvents. In vaporising 
oil about one-fifth of the total weight of the solvent is aromatic hydro- 
carbon, with two-fifths naphthenes. The aromatic hydrocarbons present 
in these solvents may be benzene, toluene, ethyl benzene, and xylenes. 





HYDROCARBON COMPOSITION OF PETROLEUM SOVENTS 
(Per cent Weight) 








. V « ale na Rpr Rubber | White | Kero-| Vap, 
8.B.P. 118.B.P. 2 8.D.D. 3(8.B.D. 4 8.B.P. 5 S.D.P. O solvent spirit | sene | OH 


Aromatics . 3-0 45 | 108 50 45} 175 | 130 | 19.0] 1150] 210 
Naphthenes. | 18-0. | 80-0. | 40-0 | 85-0 | 44-5 | 380 | 37-5 | 51-5) 17-5) 41-6 
Unsaturateds | 0-5 0:6 0.6 0:5 0.6 10 10 | 065 25| 2-8 
Paraffins . | 78:5 | 65-0 | 49-0 | 59-6 | 50-5 | 43-5 | 40-5 | 29-0) 69-0] 35-0 





If the Kauri-butanol valne is accepted ag a criterion of solvent power 
for comparison purposes, the following table, computed on a basis of 
benzene = 100, is enlightening. The spirits with boiling ranges lower 
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than that of white spirit also have appreciably lower Kanri-butanol 
values. 


KAURI-BUTANOL VALUES OF PETROLEUM SOLVENTS 








Grado Kauri-hutane? Value firade Kauri-butuno] Value 





S.B.P. No. 1 OTA White spirit 4115 
" 48 31:0 Benzeue 100-0 
” » € 32:3 Toluono 91:9 
n nw 4 30-4 Xylonos 8^4 
n „ 5 3L1 Cyelohexano 54:0 
n n 46:4 n-Hoptano 24-8 
Rubbar solvent 7-4. 


Coal-tar Hydrocarbons 

Coal tar is as prolific as crude petroleum in providing raw materials 
for use in the varnish industry. Coal tar, modified by the addition of 
solvent, is used as an anti-corrosive black lacquer for iron work, and 
other valuable raw materials derived trom it include: benzol, toluol, 
xylol, naphthas, coumarone, indene, diphenyl, creosote oil, anthracene 
oil, phenols, cresols and naphthalene. The last-named product is particu- 
larly valuable in that it is the starting material for phthalic anhydride 
maunfacture. The benzol, toluol, xylol and naphthas are contained in 
the distillate fraction boiling below 210° C, Creosote oil occurs in the 
fraction boiling below 270° C. and anthracene oil boils above 270° C. 
Benzol and toluol are also recovered from coal gas itself, by absorbing 
them in creosote oil in serubbers. They are regenerated subsequently 
from the creosote oil by ordinary or steam distillation. ‘The light oil 
distillate from coal tar, from which the solvents are derived, is estimated 
to contain at least 200 different chemical compounds, 18 Jn addition to 
benzol, toluol and xylol it contains, among other substances, ethylbenzene, 
propyl benzene, coumarone, indene, pseudocumene, mesitylene, and ethyl 
p-xylene. . 

Benzol—Benzol is the lowest boiling member of the aromatie hydro- 
carbons from coal tar, and because of its penetrating odour, toxicity and 
low flash-point, it is used considerably less than either toluol or xylol. 
Its most popular use is in the manufacture of paint removers because of 
its exceptional solvent power. Other nses are in rubber solutions and 
adhesives, 

Commercial benzol is described according to the terms 90 per cent, 
50 per cent, etc, Sometimes the description is merely 90° and 50°. 
These terms have nothing to do either with the benzene content of the 
solvent or its boiling range. A 90 per cent or 90? benzol is a solvent, 
90 per cent of which distils below 100? C. Since the boiling-point of pure 

‘benzene is 80° O. it is, ab once, apparent that commercial benzols are 
complex mixtures. Impurities likely to be present in commercial benzols 
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are carbon disulphide, toluol, xylol, thiophene, parafin hydrocarbons, 
pyridine and acetonitrile. 

Benzol is apt to freeze in cold weather and this should be prevented 
by storing under warm conditions. Benzol is an excellent solvent for 
drying oils, natural, polymerised or blown; for rubber, whether crepe or 
chlorinated, for rosin, ester gum, limed rosin, abietates, damar, mastic, 
run copals, copal ester, modified phenolic resins, maleic resins, coumarone, 
thiourea resins, long and short oil alkyds, petroleum, natural and coal-tar 
pitches, many metallic soaps and ethyl cellulose. Benzol does not 
dissolve shellac or soft Manila. 

Toluol.— After benzol, toluol comes next in order of boiling range and 
evaporation rate. It is not a common solvent in varnish manufacture, 
where its chief use is in certain synthetic resin compositions, more par- 
ticularly those containing alkyds. The bulk of toluol is used. in the 
manufacture of cellulose lacquers. 

Like benzol, toluol is a complex mixture, and commercial toluol 
contains benzol, xylol and traces of thiotolene. Its solvent power is 
very similar to that of benzol in that it readily dissolves the same types 
of compound. 

Xylol.—Xylol is the most useful and best solvent of all the coal-tar 
hydrocarbons, including the naphthas. Its evaporation rate is nob too 
fast, and it does not possess the toxicity of benzol. It is, moreover, free 
from the high boiling, slowly evaporating constituents of hcavy naphthaa. 
It is a very valuable solvent. for synthetic compositions where white 
spirit has insufficient solvent power, Thus it is used in compositions con- 
taining hard modified or pure phenolic resins, especially if of the short 
oil type, in hard maleic resin-short oil compositions, for short oil alkyds, 
or for alkyds used in conjunction with urea- formaldehyde resins, for ` 
coumarone resin solutions where stability of solution is of paramount 
importance, for solutions of metallic soaps like those of aluminium and 
cerium which demonstrate strong gelling characteristics, and for chlorin- 
ated rubber lacquers. Often blends of xylol with white apirit yield mixtures 
of sufficiently good solvent power to accommodate the above-mentioned 
types of product. Xylol is very suitable for materials which are sprayed. 

In commercial xylol one may expect to find o, m, and p-dimethyl 
benzenes, of which the meta variety will predominate in coal-tar xylol, 
toluol, trimethyl benzenes and ethyl benzene. Xylol has similar solvent 
properties to those of benzol. 

Coal-iar Naphthas—The naphthas are less refined solvents than 
benzol, toluol and xylol, and are primarily used because of their com- 
parative cheapness. The better grades are used in place of xylol for tho 
many purposes already enumerated, and in naphtha stains which have 
very good penetrating properties in wood without raising the grain. 
Naphthas are occasionally encountered in paint removers, where a cheap 
aromatic solvent is required with a lower evaporation rate than that of 
benzol or toluol, Various types of naphtha are available, from special 
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high flash naphthas of good colour and evaporation rate, to the ernder 
type as typified by heavy or solvent naphtha. Low boiling fractions are 
normally absent from commercial naphthas, but naphthas containing 
fractions with boiling ranges below 100? C. nro available. An example 
of a naphtha, containing both low and higher boiling constituents, 
desoribed. as light solvent naphtha, has a boiling range of 607—165? C. 
A light solvent naphtha described by Durrans has a boiling range of 
110°-160° C., and is stated to consist chictly of toluene, 0, m, and p-xylenes, 
ethyl benzeno and propyl benzene. Heavy solvent naphtha (b.p. 160-190) 
contains very little toluol or xylol, and. consists chiefly of indene, couma- 
rone, pseudocumene, mesitylene and durono.^" Neumann describes two 
solvent naphthas, one in which the main constituent is xylol, with some 
cymene and a little toluol, and the other in which the main constituent 
is cymeno, with some xylol and a little naphthalene oil.118 

The smell of heavy solvent naphtha is very penetrating and objection- 
able, even when used. in admixture with other solvents, Ib is also often 
laehrymatory. ‘The light solvent naphthas enjoy a much wider popularity. 

By comparison with potroloum hydrocarbons, coal-tar hydrocarbons 
are much superior in solvent power, yielding varnishes of greater stability 
and reduced viscosity. Kenny records that the higher boiling coal-tar 
fractions are effective in preventing the gelation of synthetic varnishes.1° 


Turpentine 


Turpentine aud rosin come from the same widely separated places 
throughout the world, wherever trees yielding the oleoresin thrive. 
Turpentines available are those from America (Carolina, Georgia, Alabama, 
Virginia), Finland, Sweden, France, Portugal, India, Greece, Russia, 
Spain, Mexico, British Honduras and the East Indies. Details of tur- 
pentine from a German sourco and from around the Amazon have been 
recorded. The bulk of the world’s turpentine production originates from 
the United States of America. According to Lanorville, 67 per cent of 
the turpentine comes from the U.8.A. and 20 per cent from South- 
Western France.5° This was at the period around 1036. A prediction 
made in 1923 that the turpentine supply from the United States would 
be exhausted in ten years has been completely confounded .154 

Turpentine is obtained chiefly by three methods. The first involves 
the distillation of the oleoresinous exudation from the pine tree, from 
which rosin is obtained also, as deseribed clsewhere. The second method 
involves distillation from wood chips by means of saturated or super- 
heated steam before the subsequent extraction of wood rosin; or the 
distillation and fractionation of the solvent extract of wood chips. Some- 
times the wood. is destructively distilled in order to make it yield its’ 
volatile constituents. The types of turpentine are distinguished in that- 
the former is known as gum spirits of turpentine, spirits of turpentine 
or balsam turpentine, and the latter types as wood turpentine—steam 
or destructively distilled. In obtaining turpentine from oleorosin, the 
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distillation is conducted often in the presence of a little water which 
distils over with the turpentine. When use is made of steam during the 
distillation of turpentine it may be used at high, normal, or low, pressures,!5? 
Alcohol may replaco water. Another method of refining crude turpentine 
involves the use of nascent hydrogen followed by treatment with activated 
charcoal and calcium chloride. +? 

When the turpentine is derived from the resinous exudation it is 
sometimes called “ live’ turpentine. If it is obtained from the wood or 
roots it is called “dead ”’ turpentine. 

The yield of turpentine from the trec is increased by the application 
of concentrated sulphuric and hydrochloric acids to the incision. 15t 

Garvie 1 has explained that the liquid extract from pine stumps 
has a complex composition, as indicated by an extended boiling range 
150°-240° C.). This, on careful fractionation, yields turpentine, di- 
(pentine, pine oi] and other products. : 

Steam distilled wood turpentine is obtained from the turpentine 
fraction by first neutralising the formic, acetic and other acids in it, by 
vigorous mechanical agitation with fairly strong caustic soda solution. 
The alkali also affects the polymerisation of constituents with unpleasant 
smells. The final product is obtained by steam distillation at reduced 
pressure. 

Turpentine of yet another type is known as cellulose sulphate or 
sulphite turpentine, and this is becoming increasingly important. It is 
obtained in the manufacture of pulp from pine wood during the boiling 
process, in which it is carried over with the steam. The chief constituents 
of sulphate turpentine are œ- and. B-pinenes, with some methyl sulphide 
and mercaptan, and it is theso sulphur compounds which give it the pro- 
nounced smell, Sulphite turpentine contains cymene, a sesquiterpene 
. and diterpene§ The physical constants of sulphate turpentine have 
been recorded as: boiling range 1527-175? C.; sp. gr. 0-864-0-866 
(15^ C.) ; and R.I. —1:-4715—1-4727 139 

The compositions of turpentines from different. sources vary consider- 
ably, and these variations cause pronounced differences in both, chemical 
and physical properties. Technical Bulletins 276 and 596, of the US. 
Dept. of Agriculture provide information on the compositions of gum and 
steam distilled turpentines. Gum turpentine contains 95 per cent pinene, 
divided into « aud B types in the ratio 2:1. There is practically no 
B-pinene in steam distilled turpentine which consists of 98 per cont ter- 
penie hydrocarbons, subdivided into 80 per cent «-pimene, the remainder 
consisting of limonene, dipentine, terpinene, terpinolene, cto. 

Further information has been given on Russian turpentine by 
Rudakov and Artamonov,!®4 and on German turpentine by Wienhans, 
Ritter and Sanderman.!95 

The comparative properties of British, American, German and Indian | 
turpentines, as required by their respective specifications, are given in. 
the table on page 293. 
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:e ur Doseription. 








U.S.A. gum tarpontine . . | dx Pinene (chiefly). 
B-Pinone (nopineuo). 
Sylvestreno, 
Camphene. 
Dipentono. 197 
(Oll turpentine may Gontain camphorie un- 
hydride, fornie and. arutic acids.) 


U.S.A. steam distilled wood tur- | (I) Limoneno (diponteuo) (chiefly), 
pentine . ^ . . . Pineno. ` 
p-Cyniene, 
(2) «-Pinene (chiefly), 8 

p-Diueno. 

&-l'erpineno, 

y-Torpinono, 

Limonene. 

"'erpinoleno. 





Franco . . . . τς, 9 
CL g-Pineno, 

Cuba . a . . | ba-DPineno, 

German balsam turpentine » | &Pinone (chiofly) 16° 
Caron. 
Nopineno, 

Indis . . . : 20 AS-Cnveno, 


B-Pinone. 
d-Longifoleno. 
A Bosquiterpene, 197 


Russian . . : ; . | d-A3-Carone (chiefly). 
d-Bylvostreno. 
At-Carone. 
Pinones. 
(Sylvestrene is given ag tho chief constituout 
olsowhoro.102) : 
Swedish . . . : . | d-A*-Carone (chiofly). 
A*.Cnreno. 
Pinones, 
Finnish =. . . . . | d-A9-Careno (chielLy).10 
A‘-Carone. 
Pinenes. 
Greek . . m . | &-Pinene (chiefly ),19 
Spanish . - . . . | d-a-Pinene. 


I-fi-Pinene (nopinouo), 15* 


Portuguese . . . . | l-æ-Pinone. 
I-B-Pineno (nopinene). M9 


Destrnetively distilled burpontine | Sylvestrene.4% 

- Borneol, 

T'onehyl aleohol, 

Cineol, : 
Phenol (somotiinos), 
Wood turpentine. . . . | Bylvestrono,H53 
d-Pinone. 
‘Dipentene. 
Litnonene. 
Εν T'erpineoL . 
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Varnish Constituents 


Turpentines in which pinenes predominate do not undergo atmospheric 
oxidation so readily as those where A?-careno is the principal constituent. 
For this reason Indian turpentines are said to be inferior to both American 
and French turpentines. The A®-carene and the. longifolene which it 
contains both accentuate the tendency to oxidation, and increase the 
non-volatile coutent.%? Results of experiments on the comparative 
rates of oxidation of d-a-pinene and d-A*-carene in air and oxygen have 
been recorded by Simonsen.9! These show clearly the increased oxida- 
tion with carene. Krestinskii and Eshchenko had reported similar 
findings carlier.9" The rate of oxidation can be reduced by additions 
of anti-oxidants, such as resorcinol or pyrogallol, of which pyrogallol 
is the more effective. With these anti-oxidants present carene still 
exhibits a marked tendency to oxidation which, under these conditions, 
also, is more pronounced than with pinene,  Anti-oxidauts almost 
completely inhibit the oxidation of pinenes. Russian turpentine, by reason 
of its carene content, would oxidise more readily than American turpentine. 

Turpentines from different sources have characteristic smells. ‘Thus 
it is possible to distinguish between American, French and Indian grades. 
American wood turpentine can be distinguished often from gum turpentine 
by smell. 

Turpentine obtained by destructive distillation is claimed to have 
better solvent power than either gum or steam distilled turpentine,!93 
but whereas cither of the two latter types are quite suitable for the manu- 
facture of paints and varnishes and are used extensively for these pro- 
ducts, destructively distilled turpentine is rarely used. It suffers from 
an inconvenient acidity and a tendency to resinify. Gum turpentine 
is perhaps more popular than wood. turpentine in the U.K., but wood 
turpentine is consumed in large quantities in America as a paint and 
varnish thinner. 

The optical activity of turpentine obtained from the same P. pinaster 
troc, remains substantially constant over long periods, although varia- 
tions are observed in the turpentines from different trees.199 

A tree, Nectandra elæophora, native to the district around the Amazon, 
yields a volatile oil on incision. It resembles in many ways the oleo- 
resinous exudation from which turpentine is derived. Tho volatile oil 
obtained has a b.p. 156°-274° C., and when fractionated yields a fraction 
b.p. 156°-179° C., sp. gr. 0-886 (15° C.), R.L. 1-465 and flash-point 40? C. 
This so closely resembles ordinary turpentine that it is suggested as a 
substitute. A fraction, b.p. 180°-230° C., sp. gr. 0-908 (15° C.), R.L. 1-471 
aud flash-point 58° C., is similar to pine oil.17 

Camphor oil, which contains pinene, eamphene, limonene, dipentene, 
eineol and phellandrene, may be used as a turpentine substitute. | 
Davidsohn and Davidsohn give for it a boiling range of 175°-200° C. and 
& sp. gr. (-860-0-010 (15? C.).171 

Because of its unsaturation turpentine has a high iodine value. Tt is 
interesting to note, however, that in spite of its tendency to oxidise, 
little change in iodine. value occurs during normal storage, 
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LV. (Hanus) 


Fresh Amorican turpentine . . . . . 220 
Old Amorican turpentine . : . . . . 218 
Fresh Fronch turpontine . . . a . . 213 
Old French turpentine. . . - . . 216 


Chadwick and Palkin have provided information on the composition 
of the less volatile portion of gum turpentine. Its approximate composi- 
tion is 40 per cent monocyclic hydrocarbon, 20 per cent terpenc alcohols 
and phenols, and 40 per cent distilling above 85° C./10 mm., consisting 
chiefly of esters and. ethers.!? 

Turpentine has better solvent power than white spirit for most 
varnish constituents. It dissolves dr ying oils both treated and untreated, 
rosin, ester gum, copal ester, limed rosin, damar, metallic drying salts, 
modified phenolic resins, maleic resins, long and medium oil length alkyds 
and asphaltums. It is a useful constituent of chlorinated. rubber com- 
positions, but its use is not recommended with certain types of hard 
phenolic resin. 

Because of the readiness with which it attacks copper it is not used as 
a thinner for impregnating insulating varnishes or for bronze paint media. 
Turpentine is added to spirit varnishes to improve their adhesion on 
greasy surfaces. 

Oxidised Turpentine.—In the past, oxidised turpentine attracted some 
attention and many claims were made for it. When it is oxidised in bulk 
its viscosity increases. Oxidised turpentine or fat oil, as it is sometimes 
called, is made by heating the turpentine at 145° C. in the presence of air. 
The product is reduced to a quarter of its original volume by steam dis- 
tillation, So-called oxidised turpentine is obtained during the distillation : 
of pinene, Fat oil performs the dual róle of a plasticising resin, in addition . 
to conferring durability, gloss, and resistance to steam and ultra-violet 
light on lacquer films.t?4 Its boiling range is higher than that for tur- 
pentine and its evaporation rate is slower. Oxidised turpentine has a 
boiling range of 165°-185° C.; sp. gr. 0-860-0-910 (15? C.) ; flash-point 
40°-50° C.; R.L 1476-1479 (20? O.).!5 

When turpentines containing pinenes are oxidised, peroxides, resin, 
and traces of formie acid and cymene are formed.79 Other possible 
oxidation products include acetic acid, carbon dioxide, camphoric acid 
aldehyde, soberol and pinol hydrate17? The subject of peroxide formation 
_ in turpentines is discussed under “ Driers and Other Metallic Soaps.” 

Polymerised Turpentine —The use of sulphuric acid on turpentine as a 
polymerising agent has been mentioned already. Bleaching earths such 
as floridin, as well as silica gel and activated carbon, also have a poly- 
merising action on turpentine, forming high boiling liquids. Experi- 
ments conducted on the action of bleaching earths on pinenes revealed 
that /-pineno was more reactive than the d-variety. Turpentines from 
different sources will react, therefore, according to the presence of these 
substances. Bleaching earths: also have an action on pine oils. The 
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natural earth produces a heavy non-fluorescent oil, and activated earth 
gives a fluorescent oil.t78 +79 

Hydroterpins —Hydroterpin is made by hydrogenation of turpentine. 
Sulphate turpentine has been hydrogenated also. This is accomplished 
by heating the liquid a& 2807-400? C. with hydrogen under pressure in 
the presence of a catalyst. Catalysts suggested are metals of Group VI 
in the Periodic Table. Hydrogenated p-cymenc and hydrocarbons of 
uncertain composition are formed.1#? | 

Hydroterpin has a slower evaporation rate than turpentine and a 
higher boiling range. . Its physical constants are: sp. gr. 0-879/15* C. ; 
boiling range 172-200? O. ; and R.I. 1-473-1-4760 (20° C.). Hydroterpin 
is not noticeably autoxidisable. 

It is said to prevent rivelling of wood oil. 

Dipentene.—Dipentene is a terpene, and is available in many states of 
purity. The pure substance boils at 175°-176° C., but commercial grades 
have much more extended ranges, 157°-192° ©. being typical. Its evap- 
oration rate is slower than that of turpentine. Comparative evaporation 
: rates conducted at room temperature showed that with the volume of 
liquid taken, at six hours, dipentene showed only 22 per cent volatile 
against 70 per cent fov wood turpentine. Dipentene undergoes poly- 
merisation with sulphuric acid and 2-3 per cent unpolymerisable is usual. 
Specific gravity varies from 0-845-0-860/20° C. and R.I. from 1-472- 
1477/20? C. Dipentene is autoxidisable. It has a characteristic smell. 

Dipentene has excellent solvent power, and can be used with many 
types of natural and synthetic resins, including phenolic resins, alkyds, 
maleic resins and coumarone. It dissolves rubber also. It is useful for 
wood oil varnishes in that it prevents skinning. Small percentages with 
or without other anti-skinning agents are used in wood oil-phenolic 
varnishes for this reason, It is valuable with alkyds because of its im- 
. proved solvent power compared with white spirit, and the fact that it 
aids brushing and confers good flow. Dipentene occurs as a solvent in 
. Some paint-removers. Its good dispersing properties are utilised in short 
phenolic varnishes to prevent gelling during storage. The slow initial 
rate of evaporation is said to promote " through drying" rather than 
“surface drying,” and hence rivelling is minimised. When dipentene 
replaces some of the commoner solvents an increase in drying time occurs, 
and it is suggested, on this account, that dipentene is used so that it 
constitutes not more than 25 per cent of the volatile portion. 

Sometimes dipentenc is recommended as a wetting agent. It reduces 
surface tension.18 

Pine Oils—As their name implies they are products of the pine tree. 
They are intermediate in properties between true solvents and true 
plasticisers. Old stumps and roots, in which the terpenes have become 
oxidised and hydrolised, yield pine oils on steam distillation. Other 
methods of obtaining pine oils are by extraction of pine stumps or dry 

distillation, According to Pickett and Schantz pine oil has the following 
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approximate percentage composition: «-terpineol 50-60; other ter- 
pineols 15-25; terpenes 5-10; borneol 5-10; fenchyl aleohol 5-10; 
esters 5-10; ketones and phenols 1-2.18? 

Among the other terpineols, 8-terpineol may be present. Other com- : 
ponents sometimes include o- and f-pinenes, limonene, dipentene, terpino- 
lene, camphene, methyl chavicol, cineol, camphor, menthane and anethole, 

Two types of pine oil are known commercially, the ordinary and the 
heavy grade. The heavy grade has a boiling range of 210°-220° C. and 
the former has a substantial portion boiling below 210° C. 

Pine oils vary in colour from pale yellow to water white, depending 
upon the care taken in their distillation. They have excellent solvent 
properties, dissolving rosin, ester gum, copal ester, modified phenol resins, 
alkyds and coumarone. There is a slight but definite affinity for 
water. The evaporation rate is slow, and for this reason they are 
incorporated in varnishes and enamels especially of the alkyd type, 
to permit easy brushing over large surfaces, and to promote flow. 
They may be used in spraying compositions to assist leveling. Toch 
has advocated their addition to paints to assist penetration,!$? on wood. 
In paints, too, wetting and dispersion is improved and livering tendency 
reduced. 

The pleasant smell of pine oils has caused them to be used as deo- 
dorants. Their valuable emulsifying and antiseptic properties make them 
popular constituents of soaps. 

Rosin. Spirit.—When rosin is distilled several fractions are obtained, 
among which are rosin oil and rosin spirit. The former has been con- 
sidered in the section devoted to rosin. Rosin spirit is a solvent with a 
very. extended boiling range (150°-300° C.). Its specific gravity varies 
from 0-890 to 0-940. 

Tt is rarely used in varnish manufacture. 

Solvenol.—Solvenol is a proprietary solvent of terpenic character, 
derived from pine wodd olcoresin. It consists chiefly of dipentene but 
contains, in addition, pinene, terpinolene, terpinene, cymene and some 
terpene alcohols, It has superior solvent power to that of turpentine, 
and is frequently used in admixture with white spirit to improve both: 
solvent power and smell. Compared with turpentine its tendency to 
oxidation is less. Its evaporation rate is also less, 

Among many advantages claimed for it‘are its properties of improving 
gloss, dry, adhesion, wetting, flow, and resistance to skinning. 

Terpinolene.—Terpinolene is one of the constituents of pine oil. It 
has been used as a substitute for Solvenol, but although its solvent 
power is good its evaporation rate is slower. 


Terpene Ethers 


New solvents of this type are now available under the trade name 
of “Terposol.” These additive terpene ethers are produced by the 
interaction of «- and f-pinenes with aleohols.!95 
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Terposol 3, is a colourless liquid, boiling range 200°-225° C., and con- 
sists of a mixture of 70 per cent terpinyl methyl ether and 80 per cent 
terpineols. It can be used as a wetting agent in varnishes and enamels, 
and is similarin some respects to pine oil, although it lacksits solvent power. 

Terposol 8, has a higher boiling range, 245°-290° C., which places it 
in a class between the usual volatile solvents and the commonly accepted 
plasticisers. It consists substantially of a mixture of mono and diterpinyl 
ethylene glycol ethers with a small amount of terpinyl methyl cthers. 
Because of its strong solvent power it has been suggested. as a constituent 
of paint removers. 


Other Hydrocarbons 


Decalin.—Chemically this is decahydronaphthalene. It is an inert 
solvent because it is completely saturated. By comparison with most 
other solvents used for varnishes it is a pure material, possessing a close 
boiling range of 183°-192° C. It can be used wherever white spirit is 
used, with the added advantage of improved solvent power. Accord- 
ing to Kauri butanol tests its solvent power is equivalent to that of 
turpentine. Its evaporation rate is slower than that of turpentine 
or white spirit, and for this reason it is sometimes substituted for 
them in brushing alkyd varnishes, to facilitate brush application over 
large surfaces, and te improve the flow. Solutions of metallic soaps, 
prepared in Decalin, aro claimed to have better stability than corre- 
sponding white spirit solutions. This is said to be the case with cobalt 
linoleate solutions.19* 

Tetralin.—Except that tetrahydronaphthalene and. decahydronaph- 
thalene are both hydrogenated products of naphthalene, there is little 
else in common. Tetralin is unsaturated but Decalin is completely 
saturated. Because of its different chemical constitution, Tetralin darkens 
on storage in contact with air due to oxidation, a characteristic which is 
absent with Decalin. The evaporation rate of Tetralin is generally con- 
sidered too low to permit its general use in air-drying finishes, and it 
finds application in stoving finishes. It is found sometimes in air-drying 
finishes to improve flow and brushability. Because of its exceptional 
solvent power, far superior to that of Decalin or turpentine, it is used in 
paint removers. 

Further evidence in support of its outstanding solvent power is that, 
when mixed with white spirit, it yields more stable solutions with short 
oil alkyds than similar xylol and white spirit blends.*®, 

Tt is sometimes incorporated in chlorinated rubber varnishes to 
eliminate the “ cobwebbing ” tendency of these products when sprayed. 
Another property attributed to Tetralin is its effect in reducing wrinkling 
of tung oil varnishes. It is not advisable to use Tetralin in media for white 
or delicately tinted enamels. There is its natural tendency to yellow, and 
also the possibility of it exaggerating the pink colour of manganese driers 
when these are used. 
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The properties of turpentine, Tetralin, Decalin and white spirit have 
been compared thoroughly by Smith.18 

Tetralin is a solvent for drying oils in their various forms. It has been 
stated that Tetralin dissolves lnoxyn.45! Rosin, ester gum, copal ester, 
modified phenolic resins, coumarone, alkyds, mastic, rubber, chlorinated 
rubber, waxes and pitches, are all dissolved. by Tetralin. Natural copals, 
shellac, phenol formaldehyde and urea formaldehyde resins are insoluble. 

Cymene.—Sources of cymene are the oxidation products of turpentine, 
sulphite turpentine, and American wood turpentine. It may be produced 
also by the heat treatment of turpentine in the presence of iodine. Chemi- 
cally it is isopropyl-p-methyl benzene. 

Cymene has rather better solvent power than turpentine, and has 
been used to a small extent as a substitute for it in varnishes. It is a 
good solvent for varnish making oils and resins. Unlike turpentine it has 
little tendency to oxidise. Because of its greater softening action it may 
lift undercoats, especially during application by brush. Its smell is char- 
acteristic but not unpleasant. Omne of the main factors militating against 
its more general use as a varnish thinner is its cost. 

Cumene.—Cumene, or isopropyl beuzeno as it is descrihed chemically, 
is a good solvent for resins and oils. When pure it has a boiling-point of 
152° C. which makes it interesting as a possible varnish thinner. It has 
not attracted much attention as yet. 

Hydrogenated Naphthas-——These ave derived from petrolemn hydro- 
carbons. Crude petroleum is extracted with sulphur dioxide and the 
extracts subjected to hydrogenation. The hydrogenation is conducted 
at high temperature in the presence of catalyst.18* A protected process 
is described, in which hydrocarbon oils with boiling-point up to 370° C. 
are subjected to hydrogenation and limited oxidation at pressures above 
50 Ib. per sq. in.18? Low aniline point gas oils are reacted with hydrogen 
at 3'70°-450° C. in the presence of a catalyst.18 

Hydrocarbons of improved solvent power are obtained from Cali- 
fornian petroleum by a selective solvency process. Aromatic hydro- 
carbons are derived from petroleum also, as a result of molecular re- 
arrangement by subjecting it to pyrolytic processes.1®9 

The properties of hydrogenated naphthas vary with boiling range. 
Solvent power, dimethyl sulphate value, specific gravity and flash-point, 
all increase with boiling range as shown by the following tables.18% 186 








TABLE I 
" Plash- ilino- Cauri Butanol 
Bolling. Jango Sp. Gr. Ths point Aniline point K vari Dat nol 
1l. 93-135 0:7932 60 8 60-5 
2. 135-185 08505 80 —27 74-0 
3. 185-215 08899 140 (o0 TTB 


4. 216-288 . 09484 150 —ál 90:0 
. 
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Tanin TI 





iting Range Wash-point Dimethyl Sulphate 
Paene | Pagg iam 
1, 93-135 . Ῥο]ον 60 2496 
2. 135-185 61 62% 
3. 185-215 195 87% 
. 215-238 190 100% 





The evaporation rates of the naphthas in Table I would be in the 
approximate ratios : 1 14: 95 : ὅθ. 

For solvent power they are superior to petroleum hydrocarbons and 
compare favourably with the aromatic solvents. Figures given by Kelly 188 
demonstrate the solvent powers of hydrogenated naphtha, petroleum 
naphtha and coal-tar naphtha. 





Kauri i 
ὧν os. Aniline-point. Butanol Bolig Dange 
Hydrogenated naphtha ` 0-8676 --38-3 77 145-211 
Petroleum naphtha , . 07715 64 30 155-212 
Coal-tar naphtha . . 0-850 . 8-8 72 150-193 


Hydrogenated naphthas dissolve most of the normal varnish con- 
stituents easily, and are recommended for use where solvents with better 
solvent power than white spirit are necessary. They are valuable, there- 

fore, in phenolic resin varnishes and for allcyds, and in these types of 
product they can replace coal-tar naphthas and turpentine. They are 
solvents for rubber and may be incorporated in paint removers. Further- 
more, they have good wettability for pigments. They may be obtained 
with low sulphur contents. 

_ Tar Spirit —Tar spirit is a crude solvent of very variable composition. 
The quantity used in varnish manufacture is small and the bulk of it is 
distilled in Norway. It is usually reddish-brown in colour, and a good 
sample should be free from suspended matter. Special rectified tar 
spirits are available of improved colour. - The smell is characteristic and 
very penetrating. High concentrations of vapour such as those accumu- 
lating during thinning, without adequate ventilation, are objectionable 
because of their irritant effect on the eyes. 

Tar spirits have very extended boiling ranges, and the lower boiling 
fractions confer inconveniently low flash- points on the solvent. They 
should be tested for flash-point carefully in order to avoid risk during 
thinning. Tar spirits with initial boiling-points below 120° C. should 
become suspect for flash- -point. 

Because of their very variable composition, tar spirits exhibit wide 
variations in physical constants, for example, specific gravity varies from 
0-900—1-050 (15? C.). 
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Tar spirits are naturally acidic in character, and the acidity is of such 
a nature that in some instances it has been sufficient to cause serious 
disintegration of iron storage containers. The acidity using phenol 
phthalein as indicator should not exceed 30. 

Tar spirits have excellent solvent power. They find application 
chiefly in black bituminous stoving enamels and in paint removers. 


Alcohols . 


These are a very important class of varnish solvents. Of the series 
available, ethyl and butyl alcohols are the most important, with methyl 
and amyl alcohol used in much smaller quantities. 

Hthyl Aleohol—This alcohol is available in several forms. The most 
popular form for the manufacture of spirit varnishes, ete., is known as 
industrial methylated spirits. This comprises 95 per cent by volume of 
ethyl alcohol and 8 per cent by volume of methyl alcohol or wood naphtha. 
Some water is present also and the alcohol is sold in tho following grades : 
61 O.P., 64 O.P., 66 O.P., 68 O.P. and 74 O.P. 64 O.P. is the grade 
most commonly used for spirit varnishes, and aleohols with higher over- 
proof number are used only for special purposes. 














Speciile Gravity at 96 Alcohol e 96 Alcohol 1 

Apesiile Gravity at Ha A eR. ορ donet % Over Proof, 
0:8295 ^o 87.88 91:31 : 60-02 
0-5275 88-16 91-90 61-05 
0:8255 88-06 92-51 62-12 
0:8235 89-78 93-09 . 603-13 
08316 90-46 93-62 64:06 
08195 91-18 . 9413 64-96 
0:8170 92-07 | 84.76 66-07 
08160 92.81 95.29 67-92 
0:8130 93-55 95:82 67-92 
0-8105 94-45 96-43 69-00 
0-8080 ᾿ 95-32 97-02 70-03 
0-8055 90-20 97.62 71:07 
0-8030 97-03 98-16 72-02 
0-8005 97:87 98-69 72-05 
0:7975 98:81 90-26 78-907 
0:7945 : 99-78 99-80 75:01 
0.7938 Absoluto alcohol 75-2 25 





Another type of alcohol is toilet industrial methylated spirit; and it 
is similar to the ordinary industrial mothylated spirit already described, 
except that the denaturant is carefully selected. Pyridinised methylated 
spirit contains a trace of crude pyridine and is sold in 61 O.P. and 64 
O.P. strengths. 

Mineralised methylated spirit is a more complex mixture than any 
of the foregoing. Apart from the fact that it is tinted violet, it has a 
larger wood naphtha content, and contains, in addition, some mineral 
naphtha and pyridine. It is available in 61 O.P. and 64. O.P. strengths. 
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Ethyl alcohol is & good solvent for many varnish or lacquer resins, 
including shellac, accroides, spirit Manila, sandarac, clemi, rosin, gum 
thus, mastic, damar, and phenol formaldehyde resins. It does not 
dissolve the drying oils. It is, however, a good solvent for castor oil. 

In addition to its use in spirit varnishes of all types, industrial alcohol 
is used as a part solvent in paint removers, 

n-Butyl Alcohol—Butyl alcohol has many of the properties of ethyl 
alcohol except that its evaporation rate is considerably slower. It is 
frequently used in conjunction with the latter to eliminate blushing 
tendeney and to aid flow and spraying. It is claimed to reduce the 
surface tension of spirit varnishes. Butyl alcohol in small additions is 
a valuable coupling solvent, and is used to reduce the viscosity of solutions 
of metallio soaps and alkyds. With respect to solvent power butyl 
alcohol is similar to ethyl alcohol in that it is a solvent for shellac, spirit 
Manila, sandarae, elemi, damar, pheuol formaldehyde resins and castor 
oil. 

Durrans points out that it dissolves hard copals, including Congo and 
Kauri, as well as ester gum and linseed oil. Butyl alcohol is a common 
solvent for use with urea formaldehyde resins. 

Amyl Alcohol—aAmzy] alcohol is rarely used as such in spirit varnishes. 
Whenever it is deemed to be necessary to use this type of solvent it is 
generally in the form of fusel oil, Amy! alcohol is introduced to eliminate 
blush. Its solvent properties are similar to those of butyl alcohol, but 
it has a lower evaporation rate. 

Neither the smell of amyl alcohol nor that of fusel oil is very pleasant, 
and because of the low volatility of these solvents it is persistent. ‘heir 
unpleasant smell has undoubtedly militated to some degree against an 
extension of their use. 

Fusel oil of good type is water white in colour. Cruder types are pale 
yellow. Fusel oil is a complex mixture consisting chiefly of alcohols, of 
which the following are present: amyl and isoamyl alcohols, propyl and 
isopropyl alcohols and normal, iso and tertiary butyl alcohols. Somo 
aldehydes and esters may be present also. The existence of normal butyl 
alcohol in fusel oil is doubtful. 

Methyl Alcohol—This solvent has not enjoyed much popularity, 
probably because of its toxicity. Methyl alcohol is a good solvent for 
shellac, rosin and phenol formaldehyde resins of the bakelising type. 
‘Like ethyl alcohol it dissolves castor οἱ. It does not dissolve linseed oil. 
Tt is highly volatile and its high volatility stimulates blushing. 


Ketones 


_ Acetone and methyl ethyl ketone are the two chief ketones used, and 
their outstanding solvent powers make them valuable constituents of the 
inflammable type of paint removers. Their main disadvantages are their 
extremely low flash-points. Both solvents are very volatile, and methyl 
ethyl ketone is the less volatile of the two. Where lower volatility still is 
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required, methyl butyl, methyl propyl, or methyl amyl ketones are sug- 
gested. Acetone and methyl ethyl ketone dissolve rosin, ester gum, 
copal ester, alkyds, vinyl resins, and both drying oils and castor oil. 


Chlorinated Hydrocarbons 


Chlorinated hydrocarbons have excellent solvent power for most 
varnish constituents. The low boiling members are too volatile for 
general use and their toxicity has limited their use also. Some chlorinated 
hydrocarbons possess the peculiar characteristic of instability under 
certain conditions of storage, and tend to attack metal containers. Sealed 
galvanised drums are satisfactory for methylene chloride. Their greatest 
advantage apart from solvent power is their non-inflammability. Methy- 
lene chloride, one of the least toxic of the series, is found as the chief 
constituent of non-inflammable paint removers. Other hydrocarbons 
which have been used in paint removers are : carbon tetrachloride, tetra- 
chlorethane, ethylene dichloride, dichlorethylene and the dichlorbenzenes. 

Tn fireproof varnishes and compositions, such as for the production of 
insulating sleeving, chlorinated hydrocarbons may be incorporated with 
advantage, for the dried films retain traces of solvent for long periods, 
and if the solvent is of the non-inflummable type it will help to confer 
temporary non-inflammability on the film. 

Matt spirit varnishes include monochlor and dichlorbenzene to 
produce smattness.® Rapid drying bituminous compositions for 
brewers vats are thinned with chlorinated hydrocarbons, 


The Nitroparaffins 


The nitroparaffins constitute a new group of solvents which are 
available commercially. The members of the series in which the varnish 
trade is interested, include nitromethane, nitrdethane, 1-nitropropane 
and, 2-nitropropane, 

A very interesting feature of these solvents is that their flash-points 
(Tag open cup) come within the range 103°-120° F., which is compara- 
tively high for boiling range limits of 101°-132° C. The use of some of 
the other strong solvents has been restricted because of their unpleasant 
odours—those of the nitroparaffins are mild and inoffensive. Full details 
of the physical constants are included in the table of Constants of Solvents. 

They fill a useful niche with regard to their solvent power, for they 
dissolve a number of varnish constituents, which hitherto have presented 
some difficulty. ‘The 1- and 2-nitropropanes dissolve road tar, pure 
phenolic resins like Beckacite 1001, coumarone resins, alkyds, vinyl 
chloride and acetate polymers and the co-polymers, acrylic resins, urea 
resins, chlorinated rubber, benzyl and ethyl celluloses ; and the aceto- 
butyrate, acetopropionate, triacetate and nitrate of cellulose. The 
nitroparaffins aro, in addition, good solvents for drying oils in their various 
forms, and for most other common varnish constituents. 
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Their good solvent power will be exploited in special paint removers 
for synthetic finishes. 


The Chloronitroparaffins 


A whole series of chlorinated nitroparaffins have been made avail- 
able as powerful solvents for fats, waxes, and the like. They have 
a very convenient boiling range, 120°-144° C., and, of course, their 
flash-points are high. 

They are especially recommended as anti-gelling agents for rubber 
cements and some of them are valuable as fumigants. Full details of 
their physical properties are included in the table of Constants of Solvents. 
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CHAPTER 9 
PLASTICISERS 


It is not only cellulose esters which require plasticisers but many other 
substances ay well. Plastivisers are needed for spirit varnishes based on 
shellac or Manila, for chlorinated rubber, and for urea formaldehyde, 
phenol formaldehyde, vinyl, styrene, acrylic and alkyd resins. Plasticisa- 
tion of these substances is not generally difficult except in the case of 
thermosetting phenol formaldehyde resins, The addition of ordinary 
plasticisers to these resins results in the complete breakdown of the 
‘normal thermosetting process. Plasticisation is effected, in these cases, 
by introducing plasticising agents to the other resin components at the 
time of the initial reaction, They may be in tre combination ultimately. 
Drying oils, castor oil and glycerine are examples of such plasticisers. 


Types of Plasticisers 


Plasticisers cover a very wide range of different types of chemical 
compound. They include probably more types than are found among 
the volatile solvents. By far the most important group is that of the 
esters. Among the esters are acetates, propionates, butyrates, palmitates, 
stearates, oleates, laurates, adipates, ecitrates, oxalates, tartrates, suc- 
cinates, sebacates, acrylates, abietates, ricinoleates, acetyl ricinoleates, 
glycollates, glycerides, benzoates, phthalates, hydrophthalates, salicylates, 
o and p-toluene sulphonates, levulinates and phosphates. Other plas- 
ticisers are found among hydrocarbons, chlorinated hydrocarbons, 
alcohols, glycols, phenols, ketones, ethers, toluenesulphonamides, ace- 
tanilides, oxanilides, sulpbanilides, thiocarbanilides and naphthanilides. 
Natural plasticisers or plasticisers which are not synthesised by chemical 
reactions, include the vegetable oils, pine oils, gum elemi, gum thus and 
Venice turpentine. Blown vegetable oils are also popular for certain 
purposes. 

In assessing the suitability of a plasticiser for a given purpose, the 
following factors should be considered. 


Boiling Range 

A rough guide to the suitability of a substance for use as a plasticiser 
is given by its boiling range. Jordan states that the most satisfactory 
plastieisers boil above 250? C. at ordinary pressure.' 


Compatibility 

The main function of a plasticiser is to confer flexibility on a film, 
and this should be accomplished without sacrificing other essential film 
properties, such as adhesion or film strength. These properties are 
` 333 


Varnish Constituents 


‘dependent on the degree of compatibility or miscibility of the plasticiser . 
with the other film components. The tensile strengths of films vary 
considerably, both with amount and type of plasticiscr used. According 
to Ivanova and Rogovin the effect of plasticisers alters with their position 
in the homologous series. The lower members may cause a reduction in 
strength of film, bub higher members give improved strength in proportion 
to their molecular weights.’ 

The plasticiser should be miscible in all proportions with the resin or 
compound requiring plasticising. The criteria for complete miscibility 
are clarity and non-sweating. The mixture should be clear whether the 
solvent is present or not. In other words, the ultimate dried film should 
be quite bright and free from precipitation or opalescence. Some sub- 
stances are not true plasticisers in that they teud to sweat out from films 
gradually on ageing. Whilst they are not satisfactory for all purposes, 
such plasticisers do cause softening of films and they have a certain 
utility. The sweating out of plasticisers can be prevented by incorporating 
with them the necessary amount of true solvent plasticiser. The best 
plasticisers are miscible with the other film components in all proportions, 
Althongh the amount of plasticiser present is, in most cases, substantially 
less than that of the other components, miscibility in all proportions 
minimises the chances of failure, and helps to accommodate any loss of 
compatibility consequent upon lowering of temperature. Reduction of 
compatibility with decrease in temperature should be examined for by 
comparing the flexibilities obtained with different plasticisers at low 
temperatures. Plasticisers exhibiting the most pronounced brittleness 
under these conditions should be eliminated. Plasticisers which are 
solid at ordinary temperatures should be examined for tendency to crys- 
tallise at lower temperatures. l 

The general compatibility of plasticisers and their volatility, diminish 
with increasing molecular weight, especially in homologous series. Another 
factor to consider is the possible variation of compatibility with age of the 
film. Plasticisers such as vegetable oils which oxidise on exposure may 
tend to become incompatible in the oxidised condition. In certain classes 
of lacquer, the plasticising property of vegetable oils diminishes with the 
susceptibility of the oils to éxidation.§ 


_ Solvent Power 


Plasticisers may be regarded as good solvents. With solvents of 
exceptionally good solvent power it is possible to add controlled amounts 
of cheaper diluents. A similar procedure is possible with good plasticisers. 
In a composition comprising a plasticiser, a base resin, and a cheap resin, 
the two resins may not be completely miscible alone. In this case the 
presence of plasticiser may permit a homogeneous mixture to be made. 

The addition of plasticiser, which is tantamount to adding a strong 
solvent, will result in a reduction of viscosity of the lacquer. Since many 
plasticisers are esters, of which a characteristic property is outstanding 
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Plasticisers 


solvent power, a small amount often produces a considerable reduction 
in viscosity. Mixtures of plasticisers with other solvents may be especi- 
ally effective in this respect. With the same argument that plasticisers 
may be regarded as good solvents, cheaper diluents may be added judiciously 
to solvent mixtures. Since plasticisers have low vapour pressures, it is 
unnecessary to consider the effect on the non-volatile constituents of 
film, of the evaporation of the volatile constituents. When these dis- 
appear the resultant film is clear and homogeneous, hecause the plasticiser 
is chosen specifically to yield this condition. 


Stability 


For permanent plasticising effect under conditions of normal exposure 
the plasticiser should be inert to atmospheric influences. The ideal to be 
aimed at is complete stability to the action of light, oxygen and moisture, 
or to the combined effect of these influences. Disintegration is revealed 
as darkening of the film, or hydrolysis of the plasticiser may occur. 

In compositions subjected to elevated temperatures, cither during 
initial stoving or subsequently, the decomposition of the plasticiser may 
become more pronounced. If, during the life of a plasticised film its 
average temperature is subslantially higher than normal atmospheric 
temperature, for example, on radiators, the effect of the aforementioned 
atmospheric influences may be greatly stimulated. Where films are 
required for use at very high temperatures the plasticiser must be exam- 
ined for resistance to carbonisation. 

In assessing plasticisers for resistance to darkening under the action 
of light, Jordan advocates conducting tests in the presence of other con- 
stituents, because of the fact that plasticisers often absorb a wider range 
of light waves than the other constituents of the film. 

Some ester plasticisers aro readily hydrolised by the action of water, 
and this tendency should be tested.  Tartrates, oxalates, triacetin, emyl 
borate, and ethyl p-toluene sulphonate, are plasticisers which tend to 
split off free acid in the presence of water.  Plasticisers should exhibit 
no increase in free acidity after boiling with water. 

Permanent plasticity is only obtained with plasticisers of low vapour 
pressures. This can be examined for by some of the methods used for 
the determination of evaporation rates of solvents. Thns small amounts 
of plasticiser can be exposed in flat trays, and the loss by evaporation | 
computed at convenient intervals of time. By comparison with solvents, 
the test with plasticisers is, if necessary, much more prolonged. Whereas 
with the former, the test occupies up to a few hours only, good plasticisers 
may require several days’ exposure before any measurable loss occurs. 
In assessing the evaporation rate of plasticisers, some workers prefer to 
hasten the process by conducting the determination at elevated. tempera- 
tures. ‘Temperatures in the range, 50°-100° C., have been used. There 
is, however, a certain artificiality about the choice of such temperatures 
which would be rarely encountered in practice. On the other hand, 
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however, where plasticisers are incorporated in compositions subjected to 
stoving, it is of paramount importance that the volatilities at the stoving 
temperature are determined. Using nitrocellulose as the foundation of 
a film, Kraus has concluded from experimental results that after seven 
days at 100° C., diphenyl, dilauryl and dicetyl phthalates, dicetyl hydro- 
phthalate, tricresyl phosphate and Sipalin MOM may be regarded as 
practically non-volatile.” The evaporation rate of plasticisers is reduced 
in mixtures due to tho presence of other components. 


Chemical Resistance 

Coating compositions are sometimes required for special purposes, 
where resistance to acid, alkali, solvents, water or combustion is essential. 
The choice of plasticiser will be governed. by these considerations. 

Data relating to the alkali resistance of plasticisers has been provided 
by Van Houckeroth.® 


Water Resistance 


Where the water resistance of a film is of primary importance, plas- 
ticisers should be selected which are non-hygroscopic and which show no 
tendency to dissolve in water. The tendency of a plasticiser to digsolve 
in water can be determined readily by shaking it up with water, and 
estimating the amount which goes into the aqueous layer. It is some- 
times deemed preferable to ascertain water solubility by steeping the 
dried film in water for a specified time, allowing the film to dry out, and 
estimating the loss in weight. This loss may be regarded as plasticiser, 
on the assumption that the other film components are insoluble in water. 
This method has the advantage that it provides a film for visual examina- 
tion which has been exposed to the influence of water immersion. Similar 
methods may be used for ascertaining resistance of plasticised films to 
other solvents such as alcohol and petrol. Triacetin is a typical plas- 
ticiser exhibiting inferior water resistance. The commercial ester contains 
both mono and diaceting which are soluble in water. A similar ester 
based on butyric acid (tributyrin) is less soluble in water than triacetin. 
Vilms containing tributyl phosphate, triamyl citrate, or the acetate ester 
of oleyl alcohol are practically unaffected after fourteen days’ immersion 
in wator.> Water solubility tests conducted on plasticisers at 25° C. by 
Trimmer, show castor oil aud tricresyl phosphate to have negligible 
solubility, followed by dibutyl and diamyl phthalates, diethyl phthalate 
and camphor. Dibutyl tartrate exhibits a substantially greater golu- 
bility than any of the foregoing, with triacetin the most soluble of all.” 


Petrol Resistance 


Plasticisers with good petrol resistance are the toluene sulphonamides, 
glyceryl tribenzoate, dimethyl phthalate, diethyl glycol phthalate, 
Plassitil and hydroxynaphthanilide 2 . 3. 
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Irregularities of Solvency 


Irregularities of solvency may occur when plasticisers are incorporated 
in films. Where there is a possibility of chemical affinity between the 
plasticiser and the other component the solubility of the plasticiser may 
be diminished. The plasticisation of nitrocellulose with castor oil is an 
example of this phenomenon. If such films are subjected to the action 
of heat and. sunlight to facilitate drying, subsequent attempts to estimate 
plasticiser by extraction yield unreliable results. Under certain condi- 
tions, therefore, films of improved solvent resistance can be obtained by 
exploiting this phenomenon. 


Non-inflammability 

For non-inflammable compositions sueh as those required for cable 
dopes, incombustible plasticisers must be chosen. The most popular non- 
inflammable plasticisers are, tricresyl phosphate, triphenyl phosphate, 
amyl borate, organic silicates, polyglyceral acetate, dichloroethyl phos- 
phate and chlorinated diphenyls. 


Colour and Clarity 


Plasticisers should be examined for colour especially when they are 
used in pale lacquers or in media which will be pigmented with white 
pigments. They should be clear and free from suspended matter, for the 
presence of suspended matter detracts from the gloss of the resultant 
film and causes other imperfections. 


Odour 


The odour of plasticisers is even more important than the odour of 
volatile solvents. Whereas with the latter an objectionable smell is 
present during application only, with plasticisers it persists indefinitely. 
It is readily appreciated that in certain circumstances, such as in lacquers 
for food containers, the presence of a strongly smelling plasticiser could 
not be tolerated. However, a plasticiser with a slight but pleasant odour 
can be used to mask the smell of other constituents. 


Toxicity 

Tt is not so important to consider plasticisers for toxicity as it is with 
solvents. Because of their low vapour pressures there is very little risk 
of poisoning by inhalation with plasticisers. The chief risk is of absorp- 
tion through the skin, with the remote possibility of absorption through 
the mouth. Published information on the toxicity of plasticisers is 
scanty. If o-tricresyl phosphate is taken internally or absorbed through 
the skin, it exerts a paralytic aétion which is absent with the meta and 
para isomers. Camphor, which at one time enjoyed a wide popularity 
as a cellulose plasticiser, ia rather more toxic than is generally realised. 
Small doses produce a stimulating effect only, but larger doses paralyse 
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the respiratory amd central nervous systems besides interfering with the 
action of the heart. The toxic effect of pine oils is said to be more pro- 
nounced than that of turpentine. 


Catalytic Action 

A special property of plasticisers is their possible catalytic effect upon 
thermosetting resins. Ester plasticisers, which on heating decompose 
slightly with evolution of free acid, may act catalytically upon the thermal 
polymerisation of urea formaldehyde resins, 


Cost 


Complex plasticisers which are synthesised from simple raw materials 
are often expensive. "The choice of plasticiser is often controlled, there- 
fore, by cost. In considering cost it should be remembered that the 
plasticising effect of plasticisers varies, and that a smaller amount of 
expensive plasticiser often gives the same or better result than a much 
larger amount of an inexpensive one. 


Other Factors 


Another effect of plasticisers on films is of aiding flow. They may 
alsa. minimise solvent retention of films by assisting in the volatilisation 
of the quickly evaporating components, Plasticisers often result in a 
reduction in the temperature necessary for complete thermo-plasticity. 

_ Addition of plasticiser has an influence on the gloss of the resultant 
film and the degree of gloss may vary with the amount present. 

Some plasticiscrs are effective in minimising the blushing of films. 

The durability of films to normal exposure is governed to a great 
extent by the type of plasticiser present. Variation in molecular structure 
produces variable durability. 


Incorporation of Plasticisers 


The method of incorporation of the plasticiser into the composition 
varies. It may be added directly to the other components before or 
after their solution. 

A mothod of incorporating plasticiser in which the original physical 
state of the compound to be plasticised is unaltered, by avoiding mechani- 
cal working, consists in distributing the plasticiser over the compound 
and adding a non-solvent for the compound. The non-solvent is subse- 
quently removed by evaporation. ‘ 

Plasticisers which are normally solid can be dissolved in volatil 
- solvents and incorporated in this way.® ᾽ 

Because of their low evaporation rates and convenient viscosities, | 
plasticisers make admirable grinding media. In selecting a plasticiser 
. for this purpose, other properties such as wettability and absorption by 
the pigment must he considered. Plasticiser absorption of pigments may 
- be determined by the same methods as used for oil absorption, Buser: 
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has observed a parallel with oil absorption figures,!° but Van Heuckeroth 
points out that plasticiser absorption figures are higher than oil absorption 
figures. When the pigment has been finely ground in the plasticisor 
over a roller mill, the paste is dispersed in the solution of the other 
ingredients. 


Uses 


Apart from improving the flexibility and adhesion of films plasticisers 
ave used to reduce chalking, to act as fluxes during the dehydration. of 
metallic soaps, for producing non-drying films such as are required for 
adhesives, and in paint removers where they perform the róle of a non- 
volatile softening agent. - 

Recommendations for plasticisers for use with the various types of 

natural and synthetic resins, or chlorinated rubber, are given in the 
chapters devoted to these materials. 
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CHAPTER 10 
DRIERS AND OTHER METALLIC SOAPS 


Nomenclature 


Tuu word “drier” is used to describe a wide range of compounds which 
include inorganic compounds such’ as oxides, hydroxides aud salts, 
soluble metallic salts of organic acids and even solutions of these soluble 
organic salts. In fact any substance which possessos any dry-stimulating 
properties is denoted by the term “drier.” Moreover, it is not necessary 
for these substances to be in a condition such that they can assert, im- 
mediately, their dry-stimulating properties in order that the above do- 
signation may be applied, If, after treatment, they exhibit these pro- 
perties then they qualify for the designation “drier.” Thus, as the term 
is understood in the varnish trade to-day, a drier is any compound which, 
in its original form or after subsequent treatment, is capable of assisting 
catalytically the oxidation and/or polymerisation of any vegetable oil or 
other composition which dries by oxidation and polymerisation. 


The Condition of a Drier 


It is important that the drier is in a soluble form for it to exert its 
catalytic properties. It should be soluble in drying oils both unpoly- 
merised and polymerised, and also in their mixtures with normal varnish 
resins and thinners. 

The true salts of organic acids are the most convenient soluble form 
of drier, although other soluble complex organic salts are used as driers 
also. These will be considered at length under lead driers. Tt does not 
appear to be absolutely essential for the drier to be soluble, in the true 
sense of the word, for it is claimed by some that colloidally dispersed 
metals act as satisfactory driers.) This contention is, however, disputed 
by Krumbhaar, who asserts that colloidal dispersions of metals are 
without catalytic effect? 

Thus the drier must be ideally dispersed as a true solution or possibly 
it may be effective as a colloidal suspension. 

Most metals exert some influence on the drying of oils, and. their salts 
with organic acids are soluble to some degree. Metallic soaps used 
primarily as driers are frequently used for other purposes. Thus there 
is no sharp line of demarcation between metallic soaps in general and 
those used chiefly as driers, For this reason this chapter is devoted to 
the consideration of both compounds which are popularly accepted as 
driers, and all other metallic soaps which are used in varnish manufacture 
for any purpose. . 
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The History of Driers 


The history of driers reveals a fascinating development. It shows 
how the incorporation of driers has developed from the crude and often 
‘secret additions of impure, difficultly soluble, compounds, to the use of 
substantially pure compounds which are readily soluble. 

As far as can be ascertained, lead compounds in the form of oxides 
appear to be the earliest known driers for drying oils. It is recorded that 
the Egyptians used a mixture of litharge and oil for the mummification of 
their dead. Galen and Marcellus, in the second and fourth centuries 
A.D. respectively, mention the use of lead compounds and umber as 
accelerators for vegetable oils. Jacobus de Tholeto, 1440; Petitot of 
Geneva, 1644; and Alberti of Magdeburg, 1750, all confirm the use of 
lead and umber in varnishes. Alberti actually used litharge as a drier 
for varnishes based on natural copals. The use of lime in drying com- 
positions is described by Hracluis, ninth century 4.D., who produced a 
drying oil from linseed oil by incorporation of litharge and lime. The 
' use of white vitriol (copperas or zinc sulphate) in the preparation of 
varnishes appeared to be common in medieval times. 

The early nineteenth century saw an increase in the number and type 
of drying compounds. In some surveys of the history of driers, the 
. introduction of manganese as a drier is attributed to Faraday, although 

Sorel, in 1840, is said to have discovered the drying properties of anhydrous 
manganese chloride, and to Barruel, 1845, is given the credit for the 
discovery of the effectiveness of manganese borate. It was about this 
time also that compounds of lead other than the oxides began to be used. 
Neil, 1833, is said to have used lead acetate. The next important step 
in the development of driers was the use of soluble organic salts. Elm ° 
places the introduction of fused and precipitated lead and manganese 
linoleates and resinates as 1885. This was indeed an important mile- ` 
stone in the history of driers, Tt dealt such a staggering thrust at the use 
_ of such insoluble substances as umber, manganese dioxide and red lead, 
that to-day the use of umber is completely discontinued by every en- 
lightened establishment, whilst manganese dioxide and red lead are almost 
extinct. It'is safe to predict that the passage of another ten years will 
suffice to relegate these two substances to the position of historical curios 
only. . 
It is hard to believe that cobalt, which to-day is, undoubtedly, the 
most important of our driers, was introduced only at the beginning of the 
present century. lm places the discovery of the drying properties of 
cobalt as about 1901, but a search of relevant literature shows that it 
was many years after this that it was commonly used. Bottler and Sabin 
do not include cobalt as a drier in their treatise published in 1912. Vulte 
and Gibson refer to cobalt linoleate in a paper published in 1902.4 

Vanadium, cerium, thorium and nickel are neweomers to the field of 

driers, having been introduced since 1920. Of these, only the two former 
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have achieved any popularity at all, and these, as yet, are little more than 
curios. It has not been possible to discover any reference to the use of 
thorium or nickel in large-scale manufacture. 

The next step in the production of the ideal drier was to improve the 
solubility and stability of the metallic salts of linseed oil fatty acids, tung 
. oil fatty acids and rosin acids, In spite of improvements and modifica- 
tions these soaps still possess certain unfavourable characteristies, and 
they have now been partly replaced by metallic naphthenates, When 
one considers the crude attempts at inducing driers in the past, with the 
use of naphthenates to-day, the comparison is enlightening. 


Mechanism of the Drying Reaction 


The precise mechanism of the drying process of drying oils has at- 
tracted considerable attention for many years. Whilst it is a subject of 
absorbing interest which deserves considerable space for adequate treat- 
ment, it is beyond the scope of this book. For those who may wish to 
pursue the subject the following represents a summary of the more im- 
portant references to workers and theorists: Sace, Mulder, Jérisen, Reid, 
Borries, Engler and Frankenstein, Fahrion, Genthe, Wilson and Heaven, 
Sabin, Fokin, Orloff, Morrell, Kullgren, Rochs, Lidoff and Fokin, Gardner, 
Friend, Olsen and Rostuer, Ingle, Stobbe and Dunhaupt, Wolff, Stransky, 
De Waele, Salway, Hibner, Klein, Coffey, Langmuir, Marks and Morrell, 
Blom, Scheifele, Beuerle, Wolff and Zeidler, Ward and France, Taylor 
and Smull, Ockrent, Morrell and Phillips, Lea, Jány, Blassmann and 
Barautzkaja, Clewell, Bradley, Gee, Aas, Ellis, Morrell and Davis, Knowles, 
Lawson and McQuillen, Slansky, Long, Rheineck and Ball, Hughes, 
Hughes and Rideal, Gamble and Barnett, Overholt and Elm, Blagonravova 
and Lazarev, Behrer, Gee and Rideal, Wornum, New, Nasini and 
Ghersa, Rinse, Johnson, and others. 


REACTIONS INVOLVED IN THE PREPARATION oF DRIERS 


The reactions involved in the preparation of driers may be resolved 
into the following general types: 

I. A reaction between inorganic compounds and esters, the esters 
being glycerides (vegetable oils). Mixed glycerides may be used. 

Ti. A reaction between inorganic compounds and acids. Acids 
capable of forming oil soluble salts are very numerous, and the use of 
many has been protected by patent. Mixed acids are often used. 

TII. A reaction between inorganic compounds and mixtures of acid 
and ester. 

IV..A double decomposition reaction between water soluble salts, 
yielding a drying salt insoluble in water, but soluble in organic solvents 
and drying oils. 

V. A reaction between an inorganic compound and the hydroxyl 
group of an ester, e.g. castor oil, 
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In addition to driers produced by the above reactions, there are other 
miscellaneous compounds or agents which influence drying and these will 
be considered also. 


Driers from Inorganic Compounds and Vegetable Oils 


I. The reaction occurring between inorganic compounds and vegetable 
oils on heating is the oldest method of preparing driers. These are 
commonly described as fused driers. 

Inorganic Lead Compownds.—Armong the inorganic lead compounds 
used may be included, canary litharge, a fine bright yellow powder ; 
flake litharge, which is also lead monoxide, but in the form of small 
orange flakes; powdered litharge, a fine orange powder ; red lead, a fine 
bright red powder; lead acetate, known sometimes as sugar of lead, as 
white crystals ; and lead borate. A lead drier, erroneously described as 
fused lead linoleate is made by “dissolving”, canary litharge, flake 
litharge or red lead in linseed oil by heating. The reaction with red lead 
is the most difficult to effect. With it temperatures in excess of 240° C. 
and vigorous stirring are necessary for the reaction to proceed to. an 
appreciable extent. Even then, under these conditions, substantial 
amounts of lead remain unreacted, According to some, the litharge 
content of the red lead reacts readily, leaving lead. peroxide. This 
exhibits: very little tendency to react, and is generally wasted: The use 
of red lead for the production of driers is fast becoming obsolete. Its use 
is now confined almost exclusively to the production of a few black 
finishes. 

Flake litharge reacts more readily than red lead, but because of its 
comparatively large particle size it is much less reactive than canary 
litharge. 

The Preparation of Litharge-linseed Oil Driers—The best technique 
for preparing lead driers from linseed, tung or similarly constituted. oils 
is to heat the bulk of the oil to a steady temperature of 290?-295^ C. 
The canary litharge which has been carefully dispersed in a little of the 
oil by passing rapidly through a cone mill, is added slowly as a fine stream 

with constant stirring. .À reaction resulting in the production of a lead 
compound containing 28-30 per cent lead will be complete in not more 
than five minutes under these conditions. It should be borne in mind 
that when grinding or mixing certain grades of litharge with dry 
linseed oil, heat is developed and spontaneous ignition may occar. This 
tendency has not been observed with grades of litharge as produced. 

-in this country, but comment has been made on the possibility else- 
where. Large agglomerates of litharge do not dissolve readily but 
usually fall to the bottom of the making pot. Prolonged heating causes 
darkening. 

The Mechanism of the Reaction between Litharge and, Linseed Oil.—YTx- 
planations of-and observations on the mechanism of the reaction between 
litharge and linseed oil have been put forward by many, including: 
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Scheele, Sacc, Andes, Weger, Ingle, Livache and McIntosh, Diggs and 
Campbell, Ragg, Charisuis and Kindscher, Kindscher and Lederer, 
Philadelphia Club, Krumbhaar, and others,” but none of these adeguately 
explain the true nature of the reaction involved. The author, with the 
assistance of M. P. Balfe, has studied the reaction, and the following 
explanation was evolved, which, in their opinion, accommodates all the 
experimental facts, besides providing explanations for other phenomena, 
including the depolymerisation of highly bodied tung oil? 

It has been suggested already that the product of the reaction between 
litharge and linseed oil is not a true lead linoleate, for it is easily possible 
to obtain lead compounds with lead contents substantially in excess of 
that theoretically required for normal lead linoleate. Further, although 
the theoretical amount of litharge only may be used for the reaction, the 
product is not lead linoleate but a complex mixture, the composition of 
which will be discussed later. -Any ester will react with litharge providing 
the temperature for the reaction is kept above 195° C, Thus, any vege- 
table oil is capable of yielding oil or hydrocarbon soluble lead salts. The 
reaction proceeds in the following stages. The fundamental step in the 
reaction is the hydrolysis of the ester into acid and alcohol, and the first 
step in the process is, therefore, to provide water for this to take place. 
This is derived from the interaction of litharge with any free acid 
present, and from the oxidation of the ester into water, carbon dioxide 
and more acid. The oxygen necessary for the oxidation may be derived 
from the atmosphere, since normally the reaction is conducted with free 
access to air; or from the partial reduction of the litharge to lead. Inci- 
dentally, lead salts have been shown to catalyse the oxidation. After 
the water evolved has engaged in the hydrolysis of. the glyceride into 
alcohol and fatty acid, the litharge can react with both products, with 
the fatty acid to form lead salts and. with the glycerol to yield lead glycer- 
oxide. In both cases water is evolved again and is ready to aid in further 
hydrolysis. When litharge reacts with the fatty acids produced as the 
result of hydrolysis of linseed oil, lead linoleate is formed momentarily. 
This, however, can react with more litharge, and basic lead linoleates are 
formed. Thus when litharge is “ dissolved ” in linseed oil the product 
obtained is a complex mixture containing normal and basic lead linoleates 
and lead elyceroxide. It is, therefore, very different constitutionally from 
the product obtained by the interaction of litharge with the theoretical 
amount of linseed oil fatty acids, or the product produced by precipitation 
from a solution of sodium linoleate. It is interesting to observe, however, 
that in the production of fused lead linoleate from litharge and linseed oil 
fatty acids, more than the theoretical amount of litharge can be intro- 
duced, and the resulting product is a mixture of normal lead linoleate 
with basic linoleates. 

Both lead acetate and lead borate may be cooked directly into linseed 
oil, with the object of obtaining driers which are claimed by some to be. 
substantially paler than those obtained by using litharge. It is the - 
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author's experience, however, that provided adequate precautions and 
care to detail are observed, the products from the litharge reaction are 
sufficiently pale for all practical purposes, and the use of lead acetate and 
lead borate for the manufacture of fused driers has almost ceased. 

From the above it seems logical that the addition of water to the 
reaction mixture of litharge and linseed oil should facilitate the reaction, 
and such additions have been advocated. Any advantages which are 
gained may be outweighed by the extra care necessary in adding wet 
litharge to hot oil. 

Litharge should be stored in a dry place, preferably out of contact 
with air. When it gets damp it tends to cake and the lumps formed 
are difficult to “dissolve ’*. Lead carbonate may be formed which is 
much more difficult to disperse in oil than litharge. 

When litharge and linseed oil are heated to temperatures in excess of 
260° C. other secondary complex reactions occur in addition to those 
already described. 

Inorganic Manganese Compounds—These high temperatures are 
necessary for the incorporation of manganese dioxide (pyrolusite) in 
linseed oil. It is hard to conceive how such an inert substance as man- 
ganese dioxide was ever used in the manufacture of driers. Considerable 
heating and stirring are essential to effect any reasonable result, but 
even so, substantial percentages of the dioxide never react, but congregate 
at the bottom of the pot and are ultimately thrown away. Manganese 
dioxide may contain iron as an impurity. Manganese hydroxides which 
occur as black or brown powders are obtained by precipitation. They 
are usually fairly pure and dissolve in oil more readily than manganese 
dioxide. Hydrated manganese oxides may be used also in place of 
manganese dioxide. Manganese acetate and borate are also used 
occasionally. i 

Inorganic Cobalt Compounds.—Cobalt hydrate, a rose pink powder, is 
a popular cobalt compound for the production of driers by direct inter- 
action with linseed oil. At 260° C., with constant stirring, it reacts readily 
to give a raspberry coloured syrup. It is easy to follow the extent of the 
reaction by removing drops on cold glass from time to time. The mixture 
loses its turbidity, giving place to mere opalescence until finally, when 
the reaction is complete, it becomes quite clear. 

Cobalt acetate may be used similarly, but it is more convenient to use 
the hydrate which is more economical. In addition, the évolution of 
large amounts of acetic acid makes the process with the acetate very 
objectionable, unless a very efficient exhausting system is available. 
Cobalt borate may be used, but nowadays is rarely encountered. 

Cobalt oxide (CoO) is only rarely dissolved directly into linseed oil by 
heating, although its use in conferring certain properties on oils has. been 
recorded. It is claimed that linseed oil, neutralised with cobalt oxide by 
heating at 100°-120° C., yields an oil which possesses the property of 
holding driers in solution better than untreated linseed oil.® 
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The Manufacture of Pale Driers.—Special pale driers are prepared 
from the hydroxides of metals like calcium, cobalt, lead, manganese and 
zinc. Great care is exercised in the preparation of the hydroxides which 
are precipitated at normal or reduced temperatures from aqueous solu- 
tions of chlorides, sulphates or acetates. The precipitation is conducted 
in the absence of air, and the water used for the solutions of the reactants 
is freed from dissolved air by boiling. The precipitated hydroxides in 
the form of wet pastes are reacted with glycerides or fatty acids at tem- 
peratures not in excess of 200° C. Alternatively, the wet pastes are 
blended in the absence of air with linseed or wood oil stand oil which acts 
as a dispersing agent. The mixture is then reacted below 200? C. with 
glycerides, rosin, naphthenic acid or other suitable fatty acids. 

The low temperature precipitation of the hydroxides is claimed to 
yield compounds in a finely divided colloidal state with enhanced re- 
activity. Exclusion of oxygen or air during the precipitation, or the 
subsequent reaction with triglyceride, is stated to aid in the retention of 
reactivity. t? 


Driers from Inorganic Compounds and Fatty Acids 


II. Another common method for the preparation of fused driers is 
that in which organic acids are reacted with similar inorganic compounds 
to those used in the production of driers from glycerides, Probably 
every organic acid capable of yielding ofl soluble metallic salts has been 
examined for its general suitability. Among the commoner acids are the 
fatty acids from linseed oil and tung oil, rosin, naphthenic acid and oleic 
acid, Other acids suggested include those from heavy rosin distillates, 
containing rosin oils of density 0-950-0-995, aud pine oils of density 

0-935-0- 940. These are reacted with metallic oxides to yield salts soluble 
in turpentine, white spirit or naphtha. Tatty acids from stillingia oil, 
wool fat (lanolin), cocouut oil, or mixed capric, laurie, and myristic 
acids, sulphonic acids derived. from petroleum by treatment with fuming 
sulphuric acid or sulphur trioxide, acids obtained from vapour phase 
cracked paraffin (boiling range 30°-300° C.) which is polymerised at 30° C. 
in the presence of aluminium chloride followed by atmospheric oxidation 
at 170° C. for 200 hours, acids obtained by oxidation of paraffin or petro- 
leum, and acids obtained from the high temperature and high pressure 
oxidation under alkaline conditions of the primary alcohols (boiling-point 
above 140° C.) obtained as by-products in the synthesis of methanol,” 
have also been suggested as the basis for the manufacture of driers. The 
following represents a short summary of the more complex acids whose 
use has been recorded in the last few years: acids of the type 
ROC,H,,COOH, where R may be an alkyl radical with more than five 
carbon atoms, an aryl radical comprising a side chain of more than four 
carbon atoms, ot a hydroaromatic or terpenic radical, n is one, two or 


three, e.g. octyl oxyacetic and capryl oxyacetic acid ; another reference D 


. suggests that n may be four or five; 4 phthalamic acid in which an 
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&mino hydrogen is substituted by the radical of an organic hydroxy 
compound ; keto aromatic monobasic acids, of which the type 


0 
| 
R—0—(0,H,,,.,)-000H 


is given, wherein R is an aromatic nucleus, » is 2, 3, 4, 5, 6, 7 or 8, and y 
is zero or two; aroylo-benzoie acids of general formula 


HOOC. C,H,. CO. RB. CHX(CH,),CH,, 


where R is an aromatic hydrocarbon radical, X a hydrogen or alkyl 
group, and » is & number greater than unity; alkyluted phenol mono- 
carboxylic acids, completely or partly hydvogenated monobasio deriva- 

tives of benzoic acid wherein one hydrogen is replaced by a hydrocarbon 
radical; and cyclohexane-1-carbalkyl oxy-l-acetie acid or alkyl hydrogen 
eyelohexane-1-l-diaeetic acid. It is obvious that these complex acids 
are too expensive to be used generally for the manufacture of driers, and 
they are, as yet, of academic interest only. ' 

All the foregoing acids have heen selected for their property of yielding 
soluble metallic salts. Other acids are used to yield salts where the chiet 
consideration is not solubility. The salts obtained are not used as driers 
but find application for special purposes such as flatting and waterproofing 
agents, etc. "These acids include stearic and pahmitic acids. Flatting 
agent, Albertate 175a, is said to be the aluminium soap of a modified 
phenolic resin. 

The Influence of Acid Radical on the Properties of a Sowp.—Much has 
been written on the influence of tho acid radical ou the properties of 
metallic soaps. The two chief properties in which the varnish chemist 
is interested are their influence on drying and solubility. Starting from 
the basis of a soluble metallic salt, the influence of acid radicals on drying 
power is still somewhat controversial. The true assessment of their 
effect is further complicated by the fact that prevailing conditions of 
temperature and humidity frequently exerb profound modifying in- 
fluences also. The generally superior drying properties of naphthenate 
driers have been over emphasised only too often by those interested in 
their distribution, and it is probably true to state that for drying proper- 
ties, grossly exaggerated claims in favour of naphthenates are not always 
substantiated in practice. Such claims should be tempered into reason- 
ableness by recalling the fact that cobalt 2-hydroxy-5-isopropyl benzoate 
catalyses the drying of linseed oil as effectively as cobalt resinate, in spite 
of the oxidation inhibiting properties of its hydroxyl group, and this 
tends to bring one to the conclusion that the acid radical may not exert 
such a profound influence on the drying power as is frequently claimed.24 
Bruson and Stein have produced a comprehensive record of the connection 
between solvency and structure of the organic acids involved. The 
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solubility of salts from ketonie acids (R—CO—(CH,),COOH) increases 
as R increases. Drying salts from aryloxyacetic acids are soluble in 
petroleum hydrocarbons if the aryl group is represented by benzyl or if 
the aromatic nucleus has four carbon atoms in the p position. 

Lead, cobalt and manganese salts from acids of the type 


RB. CO. C,H,COOH, 


where R may be either aromatic or aliphatic, show good solubility in 
hot oils and aromatic hydrocarbons. The oil solubility of alkylated 
benzoates is superior to that of corresponding arylated benzoates. The 
salts of ether acids of the type RO(CH,},,COOH are very soluble, yielding 
solutions of low viscosity. Polycarboxylic acids yield salts which are 
generally insoluble in petroleum hydrocarbons. Heat treatment, however, 
induces solubility in oils but double decomposition occurs!" Saturated 
aliphatic acids yield salts which in the case of low molecular weight acids 
exhibit solubility in water, whilst with increasing molecular weight water 
solubility is lost and the salts become practically insoluble in all the usual 
solvents and oils. Some salts of acids like stearic and palmitic can be 
dispersed in hot hydrocarbons or vegetable oils, but on cooling either they 
precipitate from the solution or the solution assumes a gel structure. 

Salts of high molecular weight unsaturated aliphatic acids such as lino-. 
leic, linolenic, elaeostearic, and oleic yield salts soluble in hydrocarbons 
and oils. Salts of lower molecular weight unsaturated aliphatic acids 
like crotonic acid are generally insoluble. Saturated aromatic acids 
like benzoia and hydrocinnamic acids yield very insoluble salts. The 
introduction of an unsaturated bond does not always confer solubility. 

Thus, for example, the salts of cinnamic acid remain insoluble. 

Since all the drying oils are comprised of mixed triglycerides, involving 
both saturated and unsaturated aliphatic fatty acids, it is obvious that 
salts derived from their component fatty acids will consist of a mixture 
of soluble and insoluble salts. 

Fused Linoleates, Tungates and. Oleates.—Ihese are prepared. by the 
direct interaction of metallic compounds and the corresponding fatty 
acids. The reaction proceeds more readily than with linseed oil itself 
and lower temperatures can be used. 

In most of these preparations appreoiable bubbling and írothing 
occurs due to the evolution of water, acetic acid, etc., and care must be 
exercised to avoid. the reaction getting beyond control temporarily. 
Where the reaction is vigorous the metallic body should be added slowly, 
and subsequent additions made only when the reaction has subsided 
from the previous addition. Usually the froth can be beaten down by 
stirring vigorously from the top. , 

Canary litharge is most satisfactory for the production of lead lino- 
leate and dissolves readily at 150° C. In general, the inorganic metallic 
compounds used for interaction with the oils themselves, as described 
-already, can be used with acids, and these include litharge, lead acetate, 
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lead borate and lead hydroxide. Manganese linoleates are made from 

manganese dioxide, hydroxide, borate and acetate. Manganese dioxide 
needs temperatures of 2207-250? C. to effect a satisfactory rate of reaction. 
Cobalt linoleates are made from cobalt hydrate or cobalt acetate. Calcium 
and zine linoleates are made from calcium oxide and calcium hydroxide or 
zinc oxide respectively. Tungates, oleates, stearates and palmitates are 
made by similar means from tung oil fatty acids, oleic, stearic and palmitic 
acids. 

Fused Resinates—These are made by the interaction of rosin with the 
types of inorganic metallic compounds already mentioned. Thus litharge 
reacts readily with rosin at 200° C. to yield lead resinate. The tempera- 
ture of the reaction mixture may have to be raised above 200° C. to 
obtain a clear preduct. Manganese dioxide is still used for the production 
of manganese resinate and temperatures of 240°-250° C. are the most 
satisfactory. Cobalt resinate is made from cobalt hydrate which reacts 

satisfactorily at 200? C., although again higher temperatures may be used 
to effect clarity. 

Probably the most important fused resinate is calcium resinate, 
commonly known as limed rosin. The bulk of the limed rosin produced 
is in the form of a white spirit solution. In this condition it is described 
as gloss oil. Considerable quantities of gloss oil are used in many types 
of cheap paints. Much attention must be devoted to the selection of the 
raw materials for the production of limed rosin if a good quality product is 
required. A good pale clear grade of rosin should be selected. It should 
be free of powder which has a tendency to become oxidised. In this 
_ oxidised condition it has inferior solubility and yields dark soaps. 

Wood rosin may be used for production of limed rosin, and American 
grades contain 89-92 per cent abietic acid. In preparing limed rosin 
from wood rosin the use of a catalyst like lead or calcium acetate is an 
advantage, and slightly more than normal quantities of lime are used. 
If a mixed zinc-calcium resinate is desired it is recommended that the 
zing oxide is added before the lime. With ordinary gum rosin this 
precaution is unnecessary.1® 

Hither calcium oxide (quicklime) or calcium hydroxide (slaked lime) 
may be used as the source of calcium. Both materials may contain 
impurities. High calcium limes should be selected, since these contain 
less than 5 per cent of magnesia. Other impurities which may be present 
in the lime include alumina, iron oxide and silica, all of which are un- 
desirable for the production of limed rosin. 

If limestone used as the starting material for the manufacture of lime 
is underburnt, carbonates of calcium and magnesium may be present. 
On the other hand, if the limestone is overburnt the lime may react 
with the impurities to form silicates and aluminates which are not 
soluble. A good lime should yield a clear resinate, although the usual 
product obtained is slightly opalescent, due to the presence of insoluble 
impurities. 
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. The usual method adopted for the manufacture of limed rosin is to 
melt the rosin to a temperature of approximately 200? C. "The lime is 
then added slowly because the reaction is accompanied by considerable 
bubbling and frothing. The mixture should be stirred continuously, 
preferably with a stirrer comprising two blades, one at the bottom of the 
vessel to prevent lime caking there, and the other arranged so that it 
just cuts the surface of the mixture with the object of checking the rise 
of the froth. If the lime falls to the bottom of the vessel it tends to cake 
and it then becomes very difficult to complete the reaction. When all 
the lime has been incorporated and the frothing has subsided, the tem- 
perature may be raised cautiously to 230°-240° C., if desired, to ensure 
that the reaction is complete. If, however, much unreacted lime remains 
in suspension it may suddenly react at the higher temperature, after 
apparent unreactivity, with exceptional violence. It may get beyond 
control. t is, therefore, emphasised that the final heating is carried out 
with very great care. The molten limed rosin may be run out to cool or 
it may be cooled to 180° C. and thinned with white spirit. If the resultant 
solution is slightly opaleseent it may not be possible to eliminate this 
even by filtration. 

Zine resinate has promise of becoming a useful raw material, not so 
much for use as a drier but as a hard type resin. A number of grades of 
zine resinate are specially manufactured with varying zinc contents and 
their properties are discussed later. 

Zine oxide reacts readily with molten rosin to yield zinc resinate. 
Rakutz has reported that the reaction also proceeds to completion in the 
presence of linseed oil to yield a neutral resinate.1? 

Fused Naphthenates -—Naphthenic acid is the most valuable organic 
acid at present used in the manufacture of drying and other soaps. It 
is obtained chiefly from crude petroleum originating in Rumania, Russia 
and America, although Klebsattel 2° states that it is present in all petro- 
leums. It varies in amount from mere traces to as much as 2-4 per 
cent of the crude oil. Commercial naphthenic acid is chiefly a mixture 
of monobasic acids containing the pentamethylenc nucleus with the 
empirical formula C, H., — 202 

Acids of high molecular weight have, however, been obtained from 
crude naphthenic acids with the empirical formula C,H,, — ,O,, and these 
are believed to be binuclear acids with two cyclopentaue rings joined 
together?! 

Work has been conducted on the establishment of the chemical structure 
of naphthenic acids by Aschan, Markownikow, Zelinsky, Engler and 
Tanaka. 

Among the fractions obtained from the distillation of crude petroleum 
are those containing kerosene and gas oil. The naphthenic acids are in 
these fractions, and are obtained by neutralising with dilute sodium 
carbonate solution, separating the aqueous solution and setting free the 
acids by addition of sulphurie acid, Another method of obtaining the 
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acids consists in washing crude petroleum oil with sulphuric acid and 
then extracting with caustic soda solution which dissolves out the naph- 
thenic acids. These are recovered, as in the first process, by re-acidifying,” 
or naphthenic acids obtained by distillation of crude oil are neutralised 
with caustic soda. The mixture is allowed to stand and tarry matter is 
removed. The residual solution is then extracted with solvent to remove 
more sludge and is subsequently treated several timea with sulphuric 
acid °° 

A fourth process which is used to extract: naphthenic acids from the 
petroleum fractions containing them is to distil these fractions in the 
presence of sodium alkali. This results in the production of sodium 
naphthenate which with some mineral oil is left behind in the still. The 
sodium naphthenate being soluble in 80 per cent alcohol is extracted 
with this solvent, the alechol removed by distillation and the naphthenic 
acids regenerated by acidifying.” | 

Sodium naphthenate is & powerful emulsifying agent, and this leads 
to the inclusion of certain impurities in the resulting naphthenie acid. 
Normally these crude naphthenic acids are subjected to distillation if they 
are to be used for the manufacture of driers. They may be redistilled and 
fractionated. It is known that certain manufacturers of naphthenate 
driers select their acids with great care in order to obtain drying salts 
with certain properties, and it is probable that these acids with specified 
properties could be obtained only by fractionation of the crude acid 
mixture. Thus cobalt naphthenate is stated to be best if produced 
from acids of boiling-point about 270° C.,?° whilst for lead and manganese 
a boiling range of 280°-300° C. is recommended. 

Dawvydov and Mizne give details of a material which they describe 
as pure acidol, which is derived from crude naphthenic acid by distilla- 
tion. Jt is the fraction boiling range 115°-140° C. at 35/50 mm. which 
is selected, and this possesses the following constants, sp, gr. 0-925, acid 
value 230, saponifiable 73-4, iodine value 6-2, ash 0-0 per cont.*4 

Two grades of naphthenic acid are genorally available in this country 
ag liquids, varying from a straw to a brown colour. Details of these 
grades are given in the table below. If the naphthenic acid of commerce 


PROPERTIES OF COMMERCIAL NAPRTHENIC ACIDS 


Ν.Α. 17 N.A. 9 
Min, acid valuo . τ. . 170 230 
Unsaponifiable matter . - Max. 15% Max, 10 % 
Ash content . . . - 0:3 ος 0-2 94 
Colour . . . . e Dark : Dark 


(By courtesy of Trcuurcan Propucrs Lirp.) 


is fractionally distilled at 13 mm. pressure, a fraction boiling at 150° 
180? C. can be obtained with an acid value of 275. This permits the 
manufacture of a lead naphthenate containing 34 per cent of lead. An 
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even finer fractionation would yield acids with acid values in excess of 
275. Thus octonaphthenic acid (C,H,,COOH) has an acid value of 400 
which yields lead naphthenate.of lead content 42-5 per cent. 

Low acid value acids are especially recommended for the production 
of the naphthenates of sodium, potassium, zinc’and aluminium: The 
sodium and potassium salts possess excellent emulsifying properties. 

In the laboratory examination of naplithenic acids, Klotz and Littmann 
point out the disadvantages of assessing the value of the acids on the 
determination of unsaponifiable portions alone. The normal method of 
unsaponifiable determination by extraction of an alkaline solution of 
sodium naphthenate with petroleum ether or other solvents tends to give 
inaccurate results. The inaccuracy is due to the presence of low boiling 
unsaponifiable material which may be lost by volatilisation during 
evaporation of the extracting solvent, and further, non-carboxylic acid 
phenols may be retained in the alkaline solution. 

A method of analysis described, involves extracting the unsaponifiable 
matter from a sodium naphthenate solution and recovering the acids 
which are titrated. The acid value of the original acids and that of the 
purified acids may be determined, and the total acid content estimated. 
Detailed analysis of commercial naphthenic acids are recorded by the | 
above authors. Naphthali has given some methods of identification -of 
naphthenic acids.?7 

Fused lead, cobalt and manganese naphthenates may be produced by 
the direct interaction between naphthenic acid and Htharge or lead 
acetate for the lead salt, cobalt hydrate or cobalt acetate for the cobalt 
salt, and manganese dioxide, manganese hydroxide, manganese acetate 
or manganese borate for the manganese salt. A mixed drying soap is 
made froin acidol by heating twenty-five parts of acidol with five parts 
litharge and seven parts of manganese borate respectively at 110°-130° C. 
for fifteen minutes. A pale drier soluble in white spirit is obtained.” 
Zirconium naphthenate is made by heating zirconium sulphate with 
naphthenic acid,?8 E 

Other Fused Metallic Soaps.—Driers are also made from the fatty 
acids of wool grease. The acetates of cobalt, lead, manganese or zine are 
heated with wool grease fatty acids at 150°-160° C. with constant stirring 
until all reaction has ceased as evidenced by disappearance of the smell 
of acetic acid.?® 

A drier containing mixed acids is made by heating 250 parts naph-— 
thenic acid and 750 parts of wool grease acids at 150° C., at which tem- 
perature 260 parts of litharge are added, 

Soluble metallic salts are made also from coconut oil fatty acids, and 
these include the salts of lead, manganese, copper and cobalt. In cold 
naphtha these salts remain as a fine suspension, but at 100° C. clear 
solutions are obtained which show no precipitation after cooling for 
several hours. 

All the foregoing descriptions of the preparation of fused driers 
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concern. the direct interaction between the inorganic metallic compounds 
and the organic acids. Modifications of the conditions of the same funda- 
mental reaction appear in the following examples. Thus titanium . 
stearate is derived from the reaction betweon titanium tetrachloride and 
organic acid in the presence of caleium carbonate.3? 

Organic salts of other metals in Group 44 of the Periodic Table may 
be produced by this method, and the presence of calcium carbonate does 
not seem to be always eascntial. Stearates may be produced at 707—110? C. 
Hydrochlorie acid is evolved. 

Driers Prepared in the Presence of Solvent.—Another popular modifica- 
tion is to conduct the reaction in the presence of a solvent for the reaction 
product. A solution of organic acid in a volatile organic solvent is reacted 
with a metallic oxide or hydroxide. Water eliminated during the reaction 
is removed by distillation.2 A mixture of naphthenic acid with an ether 
acid of the formula R—-O—C,H,,COOH is reacted with drying metal 
compounds such as oxides, hydroxides, acetates or carbonates in the 
presence of an organic solvent. Organic solvents for the reaction products 
include aliphatic or aromatic hydrocarbons. The ether acid may be 
octyloxyacetic acid14 A rosin solution in naphtha containing a little 
linseed oil is reacted with cobalt hydrate and calcium hydrate to yield a 
terebine. Other metallic driers may be made by the same proocss.? In 
other methods of drier manufacture both water and organic solvents are 
used. Thus a metallic salt may be dissolved in water and reacted with a 
solution of organic acid (naphthenic, abietic or linseed oil fatty acids) in 
mineral spirits, xylol or pine oil.4* ^ À water soluble resinate is made by 
adding an aqueous solution of caustic soda to a solution of rosin in 
petrol. When neutralisation has been effected an emulsion is formed, 
which is added to hot paraffin (190°-200° C.). Petrol and water are 
distilled off and granular sodium resinate is precipitated.?5 Tad capryl- 
oxyacetate, which is soluble in aromatio lrydrocarbons, is made by 
adding capryloxyacetic acid to lead nitrate solution. Other ether acids . 
of the type R.O.CH,COOH may be used. 


Driers from Inorganic Compounds and Mixtures of Acids and 
Esters 


IIL. Fused driers may be made by the interaction of inorganic metallic 
compounds with mixtures of acids and esters. Thus hydroxides of metals 
including those of calcium, cobalt, zinc, manganese and lead specially 
precipitated under non-oxidising conditions, as explained already, arẹ 
used. Cobalt hydroxide is precipitated. from a solution of cobalt sulphate, 
removed by pressing and washed with air-free water. The wet precipitate 
is then converted into a paste with linseed stand oil by kneading and the 
resultant product subjected to vacuum. The ester in this example is the 
linseed oil stand oil. The oil paste is reacted at 95° C. with a 50 per cent 
rosin solution in mineral spirits.i? 

Using a similar dispersion of precipitated hydroxide in oil, the same is 
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reacted without drying, below 205° C., with naphthenic acid, rosm or 
other fatty acids.$ 

Work has been conducted on the reaction between rosin and zino 
oxide in the presence of linseed oil. Rakutz states that below 300? C., 
no reaction occurs between zine oxide and linseed oil. He gives the 
melting-points of zine resinates prepared in the presence of increasing 
amounts of linseed oil. The melting-points of the products decreased 
with increasing amounts of oil. Rosin, 100 parts and zinc oxide, 12 parts, 
gave melting-points of 103° C., 96°, 86°, 82°, 77°, 72°, 67°, and 65°, when 
the linseed oil present was 15, 20, 25, 30, 35, 40, 45 and 50 parts respec- 
tively.t® 


Precipitated Driers 


IV. These are made by the interaction of a water soluble salt of an 
organic acid with a water soluble salt of a drying metal. The sodium, 
potassium and ammonium salts of the organic acids may be used, whilst 
the salts of the drying metals are usually chosen from acetato, sulphate, 
nitrate and chloride. Organic salts of the following metals may be 
obtained by double decomposition, lead, cobalt, manganese, cerium, 
titanium, thorium, zirconium, aluminium, lanthanum, vanadium, zinc, 
nickel, copper, iron, tin, calcium, magnesium, barium, strontium, cadmiuni, 
mercury, silver, bismuth, and chromium. Organic acids yielding salts 
of alkali metals soluble in water include fatty acids from linseed, tung, 
perilla, soya bean and stillingia oils, wool fat (lanolin), and rosin, naph- 
thenic acid, stearic acid, oleic acid, palmitic acid, cyclohexane-1-carbalkyl- 
oxy-l-aeetie acid, and alkyl hydrogen cyeloxhexane-1-l-diacetio acid. 

The method used for the. preparation of precipitated driers, except 
for minor modifications, may be described as follows. The sodium salt 
of the organio acid is first prepared. Thus for linoleates, tungates, etc., 
the calculated quantities of the corresponding acids and caustic soda are 
heated together with water. The procedure is the same for resinates 
from rosin, or for any other acid. To avoid using fatty acids from drying 
oils it is cheaper to saponify the oils with the caustic soda solution. This 
. necessitates a boiling of an hour or more with constant stirring to effect 
saponification. Fresh additions of water may have to he added from 
time to time to compensate for losses during boiling aud to prevent the 
mass of soap from becoming unmanageably thick. With direct fired 
vessels the tendency of the soap solution to burn on the bottom of the 
boiling vessels increases as the saponification approaches completion, and 
this explains why it is so important to keep the mass constantly moving. 
Jacketed vessels using superheated steam do not suffer from this dis- 
advantage. After the formation of the sodium salt, unsaponifiable 
matter often remains undissolved, and may be removed. at this stage. 
Thus with an aqueous sodium naphthenate solution a dark tarry scum 
may float at the surface and this may be removed by straining through 
fine muslin, often without cooling the bulk of the liquid. Whilst the 
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solution of the sodium salt is being made, à hot aqueous solution of the 
metallic salt is being prepared simultaneously. It is common practice to 
prepare enough metallic salt solution based on calculation, to effect 
complete precipitation with the sodium salt, plus a slight excess. The 
hot metallic salt solution is theti added to the boiling sodium soap solution 
until the mother liquor just becomes’ nentral to litmus. The water is 
decanted or separated from the precipitated soap which is then. washed 
free of water soluble matter by boiling with successive lots of clean water. 

Dehydration by Heating——After the final washing as much water is 
removed as possible, and the residual, partly dried, precipitated soap is 
slowly heated with stirring to remove all occluded water. Continual 
stirring is necessary to avoid overheating of the viscous soap and to 
prevent charring, which results in loss of colour, The heating is continued 
until the temperature reaches 115°-120° C., when it may be assumed that 
the soap is substantially dry, all the water having been expelled.” 

Some processes use temperatures of 130°-140° C., although normally | 
these would appear to be unnecessarily high. Others obtain more rapid 
and more complete dehydration by heating the metallic soaps under 
vacuum, Suction filtration, followed by drying at low temperatures 
(40? C.), has been used, although nob extensively. Greenficld states that 
nt 130°-140° C. and atmospheric pressure, fifteen hours are necessary for 
dehydration, but under light vacuum the duration of heating is reduced 
to seven hours.? Heating is continued for much shorter periods than 

` this in practice, it being considered to have given satisfactory dehydration 
after treatment of the order of one hour’s duration. 

It is very important that the heating to effect dehydration is curtailed 
as much as possible, since these metallic soaps have a pronounced tendency 
to darken in colour, and with salts of drying oil acids oxidation occurs, 
producing skinning with its attendant insolubility. 

The soap, whilst molten, is poured. inta containers or thinned with 
petroleum hydrocarbons to yield terebings. 

Stillingia oil is saponified with caustic soda and metallic stillingates 
are obtained by addition of nitrates. Stillingates of nickel, coppor, zinc, 
cobalt, iron (ous), tin (ous), barium, strontium, calcium, lead, cadmium, 
mercury (ous) and silver are obtained by this method.?9 The linoleates, 
tungates, resinates or stearates of thorium, titanium or zirconium are 
made by interaction of their salts with aqucous solutions of the sodium, 
potassium, or ammonium salts corresponding with the acids in the above 
soaps.*° . i 

In making a mixed soap from wool fat and naphthenic acid, the wool 

- fat is first saponified with an excess of caustic soda. When the saponi- 
fication is complete the excess alkali is neutralised by tho addition of 
naphthenic acid. Metallic salts of drying metals are then added to 

. preeipitate the required soaps.“ 

The Use of Neutral Fluses.—YThe drying process is not easy, and varies 

. considerably for different soaps, Some soaps, like lead, cobalt and zinc 
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naphthenates fuse casily above 100? C. and remain in a convenient fluid 
state throughout the dehydration. Manganese and aluminium uaph- 
thenates, to quote but two examples, do not melt easily and tend to gel, 
This results in decomposition. Attempts to facilitate the dehydration 
have been made by modifying the conditions of precipitation or by adding 
fluxes and other substances to the soap, just before dehydration to keep 
it liquid. 

Thus plasticisers are added to aluminium, zirconium, cerium, lan- 
thanum and vanadium naphthenates to maintain the soaps in molten 
condition during dehydration. 

Plasticisers which have been used include tricresyl phosphate, triethyl 
citrate, tributyl citrate,” p-toluene sulphonamides, dialkyl plithalates, 
benzyl acetate, benzyl benzoate, butyl stearate and drying, semi-drying 
or non-drying oils. 

Acid Fluxes and  Stabilisers. -Many so-called oil soluble metallic 
soaps do not give stable solutions either in oils or hydrocarbons. Stability 
is noticeably better in aromatic hydrocarbons than in aliphatic hydro- 
carbons. Instability of solution manifests itself either by yielding 
solutions which are highly viscous where the soap is in semi-colloidal 
dispersion only, or by yielding a solution which is initially apparently 
satisfactory but which, on standing, gels, or precipitates part of the soap. 
Many fluxes, especially those of acid type, perform the dual rôle of in- 
ducing fluidity during dehydration as well as improving stability of 
solution in oil or hydrocarbons. 

Where the additions are to act as stabilisers of solution only they may 
be added to the dehydrated soap, whilst in the molten state at the timg 
of the preparation of the solution, or after solution has been effected. 
Where they are expected to perform the dual vóle they are added 
during the course of the initial precipitation of the soap, or just prior to 
dehydrating the precipitated soap. 

The following acids have becn suggested : fatty acids from drying oils 
such as those from linseed oil, stearic,** palmitic,” benzoic, cinnamic, cro- 
tonic, anthranilie and hippuric ™ acids, mixtures of amino phenyl acetic 
and benzoyl benzoic acids, mixtures of anthranilic and hydrocinnamic 
acids, and salicylic acid, Other mixtures of acids protected by patent 
are mixtures of stearic, mandelic and cinnamic acids, mixtures of palmitic 
and benzoic acids, mixtures of crotonic and arachidic acids, and mixtures. 
of hippuric and salicylic acids. Benzoic acid and linseed oil fatty acids 
are probably the most popular stabilisers or fluxes because of their avail- 
ability, effectiveness and comparative cheapness. The amounts of 
stabilisers or fluxes which are generally used are fractional percentages 
for low molecular weight organic acids like benzoic, aud as much as 5-10 
per cent for the higher fatty acids calculated on the metallic soap. For 
cobalt linoleate or maphthenate, 3 i per cent of benzoic acid or D per cent 
of linseed oil fatty acids are effective. One protected process describes 
the nse of up to 10 per cent of these acids. For cobalt naphthenate, 
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stearic acid is suggested ; for cobalt-lead linoleate a mixture of anthranilio 

and hydrocinnamie acids is used; and for lead-mangancse soap from 

mixed naphthenic and soya bean fatty acids a mixture of aminophenyl' 
acetic and benzoyl benzoic acids is used.44 Another process definitely 

suggests the use of about 10 per cent of certain organic acids among which 

is included benzoic acid. -Practical experience has shown, however, that 

the addition of such large quantities is uunecessary.? Six to 10 per cent 

of saturated fatty acids, such as palmitic acid, are recommended for cobalt 

linoleate, resinate or naphthenate.” 

Boner has recorded the results of experiments ο on the solution or dis- 
persion of metallic soaps in fatty acids. Many of the soaps used were 
salts of saturated acids. Thus aluminium stearate (0-4 per eent) and 
calcium stearate (1-71 per cent) were dispersed in cottonseed fatty acids 
at 150° I. and showed no separation. Neither aluminium oleate (0-92 
per cent.) nor lead naphthenate (3-8 per cent) showed any separation 
after dispersion under similar conditions. Calcium stearate (0-95 per 
cent) and magnesium stearate (2-22 per cent) were dispersed in tallow 
fatty acids without separation. Aluminium stearate (1:53 per cent), 
calcium stearate (0-99 per cent) and aluminium oleate (1:42 per cent) 
were dispersed in oleic acid at 150° Y. and showed no separation. Mag- 
nesium stearate (3-81 per cent) and lead naphthenate (11-8 per cent) 
were dispersed in abietio acid at 375° E. and showed. no separation. 

Similar work by Baldwin with metallic soaps in oleic acid led him to 
the conclusion, from freezing-point determinations, that true solutions 
of the metallic soaps were not obtained, merely dispersions.*9 

Basie Stabilisers—Sometimes basic stabilisers are used, such as 
ethanolamines,? and trimethylene diamine. The use of 10 per cent 
of triethanolamine has been suggested. When driers are made from 
organic acids containing seven carbon atoms and salts of drying metals, 
the reaction may take place in the presence of an antine in amount from 
4 to 14 molecular proportions based on the acids.4® The threo examples 

given below are typical of the usc of amines in drier manufacture. Cobalt 
naphthenate is precipitated from a solution of sodium naphthenate by 
means of cobalt sulphate solution. After removal of all water soluble 
material by washing, the metallic soap is dehydrated by fusion and tri- 
ethanolamine is added. Or the mixed linoleates of lead and cobalt are 
obtained by adding lead nitrate and cobalt sulphate solutions to a solu- 
tion of sodium linoleate. After washing, trimethylene diamine is added 
to the precipitated soap and the whole dehydrated under vacuum. In 
the preparation of aluminium naphthenate, auiline and aluminium sulphate 
solution are added to a solution of potassium naphthenate. The pre- 
cipitated naphthenate is washed, ethanolamine is added and the whole 
subjected to dehydration.47 

The centrifuging and drying of precipitated zinc tungate and other 
soaps is assisted by adding l per cent of glucose or sugar to a thin wet 
paste of the precipitate.*® 
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Dehydration by Solvent Treatment—Sometimes dehydration is effected 
by distillation. The bulk of the water is decanted from the precipitated 
soap to which a solvent like white spirit or benzene is added. The whole 
is then subjected to distillation, during which the water in the soap is 
carried away with the solvent distillate, ultimately leaving the dried soap 
in solution. 

Other methods of drying precipitated soaps are used to avoid long 
fusion. For example, precipitated soaps which are flocculent and not 
sticky are merely washed with alcohol to displace the water present and 
used in the form of paste. Faucett points out the economy in time and 
labour effected.5" "There is an additional advantage in using precipitated 
soaps in the paste form, and it is that the tendency for these light fluffy 
powders to blow about during transit or transference is completely 
eliminated. 

An ingenious method of avoiding dehydration by fusion is to pre- 
cipitate the drying soaps in the presence of a liquid which is immiscible 
with water and a non-solvent for the initial reactants, but which is a 
good solvent for the reaction product. Thus an aqueous solution of a 
drying salt, together with a hydrocarbon solvent, are agitated together 
and an aqueous solution of the soap is allowed to flow into the mixture. 
The drying soap is dissolved in the solvent immediately it is formed, 
and the other water soluble salts derived from the reaction go into the 
water solution. ‘This process obviates both washing and drying of the 
precipitated metallic organic soaps, and the process is conducted at 
ordinary temperatures. Discoloration due to heating is also avoided. 
The solvent layer is separated from the aqueous layer, and if solvent-free 
drying soap is required the solvent is removed by distillation. The 
following examples extracted from the original patents illustrate the 
manufacture of various driers based on this method. A solution of lead 
acetate in water is agitated thoroughly with mineral spirits, and an 
aqueous solution of sodium naphthenate is added, Using a similar pro- 
cess with aqueous solutions of cobalt chloride (CoCl,, 6H,0), silver nitrate, 

- ferric sulphate (Fe.(80,),9H,O), manganese chloride (MnCl, , 4H,0), 
nickel chloride (NiCl,.6H,0), zinc sulphate (ZnSO, . 7H,O); copper 
sulphate (CuSO,.5H,0), aluminium sulphate (Al,($O,), . 13H40), 
mercuric nitrate, chromic nitrate, barium hydroxide, and stannic chloride . 
the corresponding drying soaps are obtained. Calcium naphthenate 
is made by adding a solution of potassium napththenate to a mixture 
of xylol with a milky dispersion of calcium sulphate in water. In 
addition to mineral spirits and xylol, pine oil or a mixture of mineral 
spirits and xylol can be used as solvents. Driers containing two metallic 
radicals can be made by preparing an aqueous solution containing both 
metallic salts. These are then reacted, simultaneously with the alkali 
naphthenate, or a mixture of zine linoleate and naphthenate can be 
obtained by adding mixed sodium linoleate and potassium naphthenate 
solutions to a mixture of aqueous zinc sulphate and xylol. Similarly, 
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mixed naphthenate and resinate can be obtained by using a mixture of 
aqueous potassium naphthenate and resinate. 

Solutions of Driers.—It is obviously most economical to dissolve 
driers in solvents whilst they are still molten after the dehydrating process, 
or as soon as they are precipitated, e.g. when solvent is present at the 
commencement of the precipitation. If a cold concentrated drier is 
dissolved by subsequent warming then both heat and labour are ex- 
pended unnecessarily, in addition to possible loss of colour. 5 

Impurities-—Commercial metallie soaps obtained by precipitation 
may contain small amounts of several different impurities. These may 
include free fatty acid, unsaponified oil, drying metal salt, sodium or 
potassium salts of the fatty acid, other inorganic sodium or potassium 
salts, metallic hydroxides and moisture. l 


Driers from Castor Oil 

V. Another interesting type of drying compound is derived from 
castor oil or any other oil containing a hydroxyl group. Castor oil is 
reacted with a metal or metallic compound at high temperatures (up to. 
250° ©.) so that the hydrogen atom of the hydroxyl group of the oil is 
replaced by metal. Drying compounds such as the cobalt (8 per cent 
Co}, manganese (5 per cent Mn), and lead (29 per cent Pb) compounds 
have been obtained by this method. They are stated to be soluble in 
turpentine or in linseed oil at 100° C.5 


Introduction of Driers and Metallic Soaps 

Driers are introduced to varnishes by several different methods. 
They may be added directly to the hot varnish in the form of inorganic 
compound or soluble organie salt. "Where extreme paleness of product 
is required the driers are usually added in the cold after the varnish has 
been thinned, An old method was to attenrpt to effect solution of the 
driers by what is known as a “ cold drumming ” process. In this, driers 
like litharge and zinc sulphate are added to the varnish and the whole 
agitated for several days in a rotating drum. The method is very un- 
satisfactory. Whilst it is true that pale varnishes are obtained, substan- 
tial percentages of the initial driers remain undissolved even after 
prolonged drumming, and are finally relegated to the rubbish heap. 
: The method has now become almost extinct, The best method of adding 
. driers to maintain paleness of colour is in the form of terebine, which is 
merely a solution of soluble metallic soap in white spirit or other con- 
venient solvent. The terebines must obviously be made as pale as 
possible, and solution in white spirit, etc., is best effected by dissolving 
ihe soap whilst it is still hot and molten after the dehydration process, 
Alternatively, the soap may be precipitated in the presence of white 
- Spirit.. This yields very pale terebines because the application of heat is 
eliminated altogether. 

Solutions of soaps like aluminium stearate need much manipulative 
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ability to obtain really homogeneous solutions in white spirit, naphtha, 
turpentine, etc. One satisfactory procedure is to mix the stearate with 
a little of the solvent to give a smooth paste, the solvent always being 
added to the soap. Small additions are made at a time and cach addition 
thoroughly incorporated before the next is made. When it is certain 
that all lumpy agglomerates have been dispersed, more solvent is carefully 
Stirred in to yield a very thin paste. Then with constant stirring the 
mixture is slowly heated. Constant stirring is essential, for if the mixture 
is allowed to remain undisturbed on the bottom of the vessel gelation 
may occur and the gelled lumps cannot be redisporsed. The heating may 
be conducted, with advantage, in a jacketed vessel heated by steam or 
superheated steam. As the temperature is slowly increased it reaches | 
a point in the range 50°-100° C. approximately, depending upon the soap 
in question, at which the cloudiness or opalescence of the mixture gives 
place to clarity. At this point a.cousiderable increase of viscosity usually 
occurs. The remainder of the solvent may then be stirred in to give a 
solution of convenient viscosity. An alternative method is to sift the 
dry finely powdered soap gradually into the solvent which is’ agitated. 
When all the soap is added the whole is gradually heated with continuous 
stirring. With soaps like aluminium stearate not moro than about 
5 per cent can be obtained in solution without the production of incon- 
veniently high viscosities. With some metallic soaps, for example, the 
naphthenates of manganese, zinc and cerium, tho introduction of a few 
per cent of butyl alcohol to the chief solvent, frequently results in a very 
substantial lowering of viscosity, in addition to conferring stability on the 
solutions, Aromatic hydrocarbons are generally better solvents than 


aliphatic hydrocarbons, as evidenced by the lower viscosities of the solu- 
tions obtained with them. 


Other Compounds and Factors which Influence Dry 


Lead phenoxides are claimed to be capable of use as driers. Organic 
lead compounds (PbR,) in a solvent are reacted at 757-175? C. in the 
presence of a silica gel catalyst with phenols to yield phenoxides. Thus . 
from lead tetra-ethyl and phenol, triethyl lead phenolate is obtained, and" 
if phenol is replaced by resorcinol, bis triethyl lead resorcinolate is 
obtained. 

Basic lead soaps are also used as driers. Basic lead naphthenate is 
prepared, and this is reacted with a non-basic soap such as normal cobalt 
and. manganese naphthenate or lead resinate, to yield a drying composition 
which is still basic but whose basicity is less than that of the original basié 
lead compound. Or commencing with a basic lead drying salt, if is 
reacted with a compound providing a reactive carboxyl group so that a 
product is obtained of reduced basicity but yet is still basic.®* 

Tamamushi and Tohmatou have reported on the catalytic properties 
of phthalocyanines.’  Menthol, o-ionone, safrole and iso-eugenol 99 are. 
said to be pro-oxidants for vegetable oils. Menthol was found to reduce 
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the induction period of linseed oil almost by half. Fawcett states that 
pro-oxidants can be obtained from soya bean or cottonseed oils by 
molecular distillation." Salieylio and p-amidobenzoic acids are also 
stated to have some drying action, 

Polymers obtained by subjecting a mixture of ethylene and acetylene 
to a high temperature (230? C.) at high pressure (500 atmospheres) are 
claimed to promote the drying of vegetable oils125 

The value of peroxides as accelovating agents is well known. Sub- 
stances such as benzoyl peroxide or per salts which liberate oxygen at 
relatively low temperatures have been suggested.  Krumbhaar has 
explained the influence of the peroxides present in old turpentine on the 
dry of drying oils,®° a phenomenon which is observed only in the presence 
of the normal metallic driers. The higher the peroxide content, the 
shorter the drying. time. Tetralin, dipentcne and pine oil behave simi- 
larly to turpentine. Fresh turpentine contains about 0-5 mg., and old 
turpentine about 1-0 mg. of peroxidic oxygen per c.e. If turpentine is 
blown the peroxidie oxygen content can be increased to 2-5 mg. per c.c. 
According to Krumbhaar the theory for the phenomenon is that the 
valency of the metallic drier changes, due to oxidation and reduction, 
resulting in evolution of oxygen which is absorbed by the drying oil. 

It is well known that temperature has a very important influence on 
the rate of dry of oil films, and it need not ‘be elaborated here. The 
presence of ozone is also distinctly advantageous. Small traces of ozone 
in admixture with air under conditions of elevated temperature produce, 
according to Kufferath, a reduction in drying time of two-thirds. 
Karsken confirms that at ordinary temperatures ozone appreciably 
reduces the drying time of linseed oil paints.°* The presence of volatile 
bases in the air is stated to reduce drying time by one half. Ammonia 
(0220-3 gm. per c.m.) has this effect, 9: 

Another factor influencing speed of dry is light. It is common 
knowledge that oxidisable films dry slower in the absence of light. 
Genthe has given confirmatory evidence on the accelerating influence of 
ultra-violet light. 

Drying oils set more quickly in the presence of ionised oxygen. It is 
believed that ultra-violet light causes ionisation, and this may explain 
its accelerating influence.“ 

. Under certain conditions, however, increase of illumination may 
cause a retardation of dry of linseed oil. This is noticed with linoleate 
driers at temperatures of the order ot 5? C.9* 

The presence of moisture in the atmosphere has a retarding influence 
on the speed of dry. This effect is especially noticeable when varnishes 
are drying in the very dirty atmospheres of large cities under humid 
conditions. In London, for example, inhibition of dry has occurred 
under these conditions, even inside testing laboratories. Also the deposi- 
tion of moisture on varnishes or enamels during drying, from very humid 
atmospheres at low temperatures, has been a frequent cause of trouble 
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on exposed. buildings in the course of erection. In bad cases, the dry of 
enamels and varnishes has been retarded for days. A week after applica- 
tion, although films had dried quite substantially, they showed very 
appreciable surface tack. According to Wolff and Zeidler, humidity, 
under certain conditions, exerts a greater influence at higher temperatures 
than at lower ones. 


PRorERTIES OF DmgrERS AND MagTALLIO SOAPS 


Influence of Metal—The catalytic effect of different metals varies 
considerably, and from time to time tables have been repr oduced demon- 
atrating these variations. 


Mackey and Ingle" Hibner and Pallauf — Fokin ** 


1. Cobalt Cobalt Cobalt 

2. Manganeso Manganese Manganese 

3. Lead Lead Chromium 
Cerium Cerium 

4, Chromium Tron Nickel 

5, Tron Copper Iron 

6. Uranium Nickel Platinum 

7T. Sodium Vanadium Palladium 

8. Silvor Chromium Load 

9. Zine ferum Caleium 

10. Moreury Aluminium Bismuth 

11. Aluminium Cadmium Barium 

12. — Zine Mereury 

13. — 'Tin Uranium 

14. — -- Copper 

16. = — Zine 


Using precipitated linoleates in raw linseed oil drying tests were 
conducted by Datta and Das with cobalt, manganese, lead and iron 
driers at 25° C. and 60-70 per cent humidity. Cobalt (0-05 per cent) 
dried in two hours, manganese (0-08 per cent) in five hours, lead (0-58 
per cent) in seventeen hours, and iron (0-41 per cent) in twenty-eight 

_ hours.“8 At more clevated temperatures (100°~150°) the order of 

. activity of cobalt, manganese and then lead, remains unchanged.®? 
Based on experiments with cobalt, difference in valency of the drying 
salt is stated to have little influence on the drying of linseed oil. Better 
drying is claimed if the varnishes or oils are allowed to age for some 
time after the addition of drier, in spite of the fact that some drier may 
be out of the sphere of action because of deposition. The better dry 
obtained is explained by an improvement in dispersion." Krumbhaar, 
however, asserts that lead, cobalt and manganese are the best driers in 
the condition of highest valency.®® 

Combinations of Driers—~Much work has been conducted on the value 
of combinations of driers, and it is generally accepted that scientific 
blonds are preferable to individual metals. There has not been complete 
unanimity of opinion concerning the relative effectiveness of certain 
combinations, but this is not surprising, for in evaluating drying proper- 
ties many factors have an important bearing on the ultimate result. 
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‘Che difficulty for different workers to reproduce identical experimental 
conditions, and the tendency to make deductions without due considera- 
tion for other variables, has led to much confusion in the assessment of 
results generally. 

Combinations of driers are used not only to attain maximum speed of 
dry, but often to modify or eliminate unsatisfactory characteristics of 
certain individual driers. 

The results of Winiker show that the ratio of the components of a 
combination varies with the total metal concentration. When the metal 
concentration is 0-6 per cent., lead and manganese should be used in the 
ratio of 74:1 respectively, lead and cobalt in ratio of 5:1, and lead, 
manganese and cobalt in the ratio 03:1:1$. At 0-5 per cent metal 
concentration, the lead, manganese and cobalt mixture gives two optimum 
ratios: 92:1:1$ and 95$:15:1, the ratio for lead and manganese or 
for lead and cobalt remaining as for 0-6 per cent concentration. At 
lower metal concentrations, however (0-2 per cent), the lead-mangancse 
combination is adjusted to 114: 1, the lead-cobalt to 5:1, and the lead, 
manganese and cobalt to 8 : 1:1. 

It is also apparent that a combination of lead, cobalt and manganese 
has superior drying properties at all metal concentrations.” In obtaining 
the above results, Winiker used solutions of fused resinates in white spirit. 

Datta and Das (loc. cit.) conducted experiments on combinations of 
driers under the conditions already described, and have recorded the 
following conclusions. Combinations of iron and lead or of cobalt and 
manganese were no better than the individual metals. Drying efficiency 
was increased 2-6 times with manganese-iron, 44 times with manganese- 
lead, 6-3 times with cobalt-lead and 66 times with cobalt-iron. The 
most efficient drying combination of all was a mixture of cobalt-lead-iron. 
A mixture of cobalt-lead-manganese-iron was next in order of efficiency. 

The most common combinations of driers are, lead-cobalt, lead- 
manganese, lead - cobalt - manganese, certum - cobalt and zinc-cobalt, 
Kiselev and Norina suggest mixtures of manganese-calcinm-cobalt or 

manganese-calcium-lead ag efficient combinations for paints." 

Drying Characteristics of Metals-——Drying metals do uot all behave 
similarly in their effect on drying oils. Thus,. for example, cobalt, 
manganese and iron all tend to promote rapid drying at the surface of the 
film, whilst lead, cerium, calcium, copper and zine favour “ through 
"drying." It is not easy to explain why these metals behave differently, 
but at least two facts are available. It is always the metals which 
promote the most rapid drying which exhibit pronounced surface oxida- 
tion, as revealed by rivelling. According to Bassett, lead rednees the 
surface tension of linseed oil, but cobalt and manganese both increase ib. 
‘Zine is also stated to lower the surface tension.” Tt is reported that 
cerium gives stronger films than those obtained with lead, cobalt or 
manganese.28 

Cobalt gives. much harder films than those obtained with lead," 
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Because drying metals behave differently and because in some cir- 
cumstances certain characteristics are objectionable, combinations are 
used. Thus lead or cerium is used with cobalt or manganese to reduce 
the rivelling tendency of these powerful driers. Zine and copper are also 
, introduced in stoving finishes with the same object. 

It is interesting to note that admixture of one drier with another does 

' not always promote the catalytic power of the former. Results obtained 

by Flatt show that sometimes retardation of dry occurs. Using a blend 

of manganese and cobalt in the ratio of 1 : 3, the drying time was seventeen 
hours, but by increasing the ratio to 1:2 the drying time was eighteen 
hours. When the ratio of manganese to cobalt was 1:1 the time re- 

quired was nineteen hours, and when the ratio was increased to 3:2 
-the drying time also increased to twenty hours. Therefore, the effect of 

increasing the amount of manganese in a manganese-cobalt mixture may 

result in a retardation of dry." "The ratio of metals in a drier combination 

may effect durability. Thus, in paints a lead-manganese ratio of 4:1 

is better than 8: 1.74 

Optimum Amounts of Individual Driers —Some controversy exists con- 
: cerning the optimum amounts of individual driers. Weger gives 0-25 
per cent for manganese. Curwen suggests that the optimum amount for 
, lead is 0-65 per cent, and for mangauese or cobalt 0-05 por cent." Bassett 
(loc. cit.) suggests dilferent optimum amounts according to the drying oil 
used. Thus, for tung oil, 0-26 per cent of lead is required and 0-03 per cent 
for manganese. For linseed oil the amounts are substantially increased to 
1 per cent for lead, 0-1 per cent for manganese, and 0-04 per cent for cobalt. 
_ Wolff and Zeidler also give O'l per cent as the optimum amount for 
. manganese. For lead-manganese mixtures the amounts are 0-6 per cent - 
: lead and 0-1 per cent manganese.”® Wolff and Zeidler suggest 6: l as 
. the optimum ratio for lead and manganese. 

There is no doubt that the optimum amounts of drier for different 
types of varnish and media vary considerably. Manganese does not 
appear to be very effective in alkyds,” whereas zinc with special stoving 
types of this resin is particularly effective. Manganese driers are especi- 

‘ally favoured for bituminous finishes of the stoving type. 

| In ordinary air-drying varnishes & good basis for formulation is to 

‘begin with 0-5 to 1-0 per cent lead, 0-04 per cent cobalt and 0-1 per cent 

manganese, wherever these metals are used, calculated on the finished 

varnish. It will then usually be necessary only to make minor adjust- 

" ments to obtain satisfactory results. 

Liffect of Hacess Driers —The effect of excess driers on a varnish is not 

. generally established. It has been handed down for years that excessive 

- driers produce inferior durability, and it is stated that durability varies 

inversely as the cobalt content," but this is not always the case, for 

' experiments conducted by the author on natural copal varnishes revealed 

no diminution in durability with increasing cobalt content. However, 

as Knauss suggests, cobalt is the only drier likely to effect durability.’* 
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Lead up to 1-5 per cent and manganese up to 0-4 per cent have no effect 
on durability.“ Copper has no effect on durability.59 

It is believed by some, with experimental backing, that excess of drier 
causes a retardation of drying, but it is probably safer to hold the view that 
beyond a certain amount, further increases of drier show no advantage.” 
There has been a tendency to exaggerate the retarding effect of excessive 
driers. 

Influence of Acid Radical, —There is no doubt that the acid radical of a 
drying or other metallic soap exerts important influences on the properties 
of the soaps. Condition of the soap varies considerably with acid radical, 
for example, lead resinate is a hard resinous material, whilst the linoleate 
and naphthenate are comparatively soft and sticky. Generally, resinates 
of all metals are much harder than the corresponding linoleates, tungates, 
oleates or naphthenates. Acid radicals also influence the compatibility of 
the soaps with oils and hydrocarbons, and also the stability of the resultant 
solutions. Certain acid radicals stimulate the catalytic activity of metals, 
whilst others influence the drier such that it is more susceptible to varia- 
tions of prevailing conditions. 

Comparisons have been made of linoleates, resinates, and naphthenates. 
Lead and manganese naphthenates are claimed to have superior drying 
properties to the resinates or linoleates of these metals, which are similar. 
Cobalt resinate is superior to the linoleate, with cobalt naphthenate 
inferior to both. The same workers have made the interesting discovery 
that mineral spirits stimulate the drying activity of certain types of 
drier. It is observed with manganese resinate and linoleate and with 
lead and cobalt naphthenates.9* 

Gray states that improved dry is obtained with naphthenates, and 
points out that after a short induction period which is observed with 
cobalt, lead and manganese naphthenates, a distinct acceleration of dry- 
ing takes place.” Knauss states that naphthenates exhibit improved 
‘drying properties only when the relative humidity is above 25. Resinates 
are sometimes better than naphthenates at lower humidites.® 

Wolff and Zeidler have compared a mixture of lead and manganese . 
linoleates with a mixture of lead and manganese resinates when used as 
driers in lithopone-linseed oil paints. The resinates are more susceptible 
to temperature variations and other influences than the linoleates.7® 
The same workers have reported that for linoleate driers, the temperature 
coefficient of drying time remains constant for various lead-manganese 
ratios. Considerable variation is observed, however, with resinates, the 
temperature coefficient decreasing as the proportion of lead increases."* 

With linseed oil at 98-5°, the linoleates of manganese and cobalt give 

' the same induction period as the corresponding oleates. These four soaps 
all give a shorter induction period than lead linoleate.9* 

The differences in behaviour durmg drying which occur between 
.naphthenstes on the one hand and linoleates and resinates on the other, 
may he attributed to the fact that the latter are both unsaturated and 
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subject to oxidation themselves, whereas the former is completely 
saturated. Manganese tungate is stated to have excellent drying pro- 
perties. Wang claims that ib is a better drier than other tungates.9? 

There. is no difference between naphthenates and linoleates in their 
effect on durability." 

Naphthenates have many advantages over linoleates or resinates. 
They have substantially higher metal contents, and this means that 
economies are effected in transportation and handling. Moreover, it is 
not necessary to make such large additions of drier to obtain a given 
amount of metal in the varnish. Naphthenates give more stable solutions 
both in oiland in hydrocarbons. They dissolve more readily and remain in 
solution without precipitation. With lead naphthenate in oils, however, 
some precipitation does occur ultimately, although it is not so pronounced 
as with linoleates or resinates. According to Knauss, when lead linoleate, 
resinate or naphthenate is added to raw linseed oil the antioxygens of the 
oil are precipitated, and a difference in behaviour is noticed between 
naphthenate and the other two soaps. When more soap is added than is 
necessary to precipitate the antioxygens it tends to remain in solution if 
a naphthenate, but deposits more rapidly if linoleate or resinate,*4 

Klebsattel points out that naphthenates are much more resistant to 

oxidation than linoleates and resinates which tend to skin during storage. 
The latter also produce after-yellowing.®” 
, Gurwen states that with naphthenates risk of spontaneous combustion 
during storage is eliminated.  Resinates of cobalt and cerium are liable 
to exhibit this unpleasant property, but there is said to be no danger 
with the corresponding naphthenates.$55 

Naphthenates have lower melting-points than the corresponding 
resinates, and this enables solutions to be obtained at lower temperatures 
with the consequent improvement in colour. 

Bryson (loc. cif.) records that naplithenates show less tendency to be 
poisoned than other drying compounds, which includes the resinates and 
linoleates.8? 

Absorption of Drier.—Pigments sometimes exert a profound influence 
on driers. The phenomenon of adsorption of driers with loss of drying 
power is due to adsorption of drier by the pigment. The pigments with 
largo specific surface areas are the ones which show the greatest inhibition 
of dry,9? and these include carbon blacks, siennas, umbers, iron oxide, 
madder lake, zinc oxide and titanium oxide. The tendency to adsorption 
varies with the valency of the drying metal, thus trivalent cobalt is 
more readily adsorbed than the monovalent form, It is emphasised by 
Bryson that oils also tend to adsorb driers. 

Pigments may act as oxidising or reducing agents. Carbon black, 
iron oxide and titanium dioxide oxidise driers. Calcium carbonate, 

barium sulphate, zinc oxide and white lead reduce them."? 
The loss of drying power of pigmented media should not be attributed 
. entirely to adsorption by pigment. Itmay be due to precipitation of drier, 99 
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There are several methods for preventing loss of drying power due to 
adsorption of drier. Excess drier may be added initially and. the paint 
or enamel allowed to stand until the adsorption is complete, sufficient 
drier being left to give normal drying.” Alternatively, substances such 
as zine naphthenate and oxides of lead, magnesium or calcium, may be 
' added initially to satisfy adsorption and the true driers are added subse. 
quently. Sometimes a repetition of the grinding process will regenerate 
a loss of drying power due to pigment adsorption. 


Lead Soaps 


Lead soaps ave present in almost every type of varnish, paint, enamel 
‘or stoving finish. When they are added in the form of soaps, the linoleate, 
resinate or naphthenate is used. Of these the linoleate and the naph- 
thenate are the most popular, with the naphthenate fast replacing the 
linoleate. 

Fused lead linoleate is a soft cheesy material varying in colour from 
light to dark brown depending upon the care taken in manufacture. 
Precipitated lead linoleate is usually paler in colour than the fused linoleate. 
In bulk both types of linoleate appear cloudy. Lead linoleates are 
soluble in white spirit, but it is almost impossible to obtain a clear solution. 
This is explained by the presence of lead soaps of saturated acids which 
are insoluble. Solutions of lead linoleate in white spirit have poor keeping 
qualities. They deposit foots very rapidly. Not only is this very wasteful 
but it is impossible to state with certainty the metal content of the solution 
at any given time. This is one factor which has done more than any 
other to cause substitution by naphthenate. Although lead naphthenate 
is more expensive initially than the linoleate, it has been found that after 
making allowances for the lead wasted with the latter, and taking into 
consideration labour involved in cleaning storage tanks, ete., it is not 
only preferable but cheaper to use the naphthenate. 

A comparison of lead linoleate obtained by precipitation, with the 
compound formed by reaction of litharge with linseed oil, reveals no 
advantage in dry to be obtained with the Tatter, in spito of a popular 
conception to the contrary. Sabin, in fact, asserts that the litharge- 
linseed oil complex ,by comparison with precipitated linoleate causes 
rapid drying and rivelling.9 Jf the litharge-linseed oil complex is dis- 
solved in hydrocarbon it yields a clear solution which remains thus for 
long periods, only becoming cloudy gradually. On the other hand, it is 
impossible to obtain a clear solution with the precipitated linoleate. On 
adding the two types of terebine to linseed oil the precipitated linoleate 
gives an almost immediate white precipitate, but the litharge-linseed oil 
complex remains clear for twenty-four hours. 

Lead naphthenate is a light brown sticky solid which melts at about 
100° ©. It dissolves easily in white spirit to give a clear solution which 
should show no tendency to deposit any sediment. With very carefully 
prepared lead naphthenate very pale straw coloured terebines are possible. 
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Lead resinate has the appearance of a brownish friable resin. The 
precipitated form is sometimes available as a pale yellow powder. 

Lead oleate has enjoyed some popularity as a drier in the past, but 
it is little used nowadays. If it is made from pure oleic acid it should 
offer definite advantages over the ordinary linoleate. It would be com- 
prised entirely of the lead salt of unsaturated acid, and this is much more 
soluble in hydrocarbons than lead salts of saturated acids. Lead oleate 
should yield, therefore, terebines with less tendency to separate than 
those based on linoleate, which has a certain amount of saturated acid 
present, 

One of the major defects of lead driers is their tendency to precipitate 
from varnishes. In natural. copal varnishes the precipitate is usually 
ascribed to saturated lead soaps such as lead stearate. In alkyds, 
‘however, the precipitate is believed to be lead phthalate produced 
by interaction of the lead drier and the free phthalic acid of the 
resin.” 

Separation of driers from Japan driers has been attributed to flocculation 
or crystallisation of the drier from a supersaturated solution, or it may 
be due to precipitation of insoluble salts of oxidised fatty acids. Tur- 
bidity of varnishes containing lead driers may not always be due to pre- 
cipitation of insoluble lead soaps. Knauss explains that the turbidity 
of tung oil-ester gum varnishes may be due to coagulation of the colloidal 
varnish in the presence of lead naphthenate. The tendency to coagula- 
tion disappears with increase of acidity. 

The tendency of lead driers to precipitate from alkyds is lessened if 
fractional percentages of benzoic acid are added. The remedy is, how- 
ever, only temporary. Rosin may be added to varnishes containing 
linoleate driers to prevent precipitation, but according to Sabin this pro- 
cedure is not recommended, for the abietic acid of the rosin substitutes 
the fatty acids of the drying soap and other disadvantages may be 
introduced.® 

Experiments have been conducted on the effect of Icad driers on the — 
properties of an ester gum-tung oil-linseed oil varnish. The chief advant- 
age gained by using lead is improved wetting properties, but disadvantages 
are introduced also. These include reduction of water and chemical 
resistance, loss of durability and flow, and a tendency to promote settling.” 
Further experiments on varnishes containing tung oil-linseed oil, with 
pure and modified phenolics, congo, and ester gum, showed that lead 
gave improved drying in enamels, but increased floating and flooding of 
chrome greens.?9 

Other lead soaps which are used to a small extent in varnish manufac- 
ture are the palmitate and stearate.. These are usually availablo as white 
waxy lumps or as powder. Lead palmitate has a melting-point of 112-3° C., 
and ¢he stearate 115-7° C. They are soluble in hot vegetable oils, alcohols, 
chloroform and hydrocarbons but separate on cooling, They are quite 
insoluble in cold alcohol, 
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Cobalt Soaps 


The most popular cobalt soap used aa a drier is cobalt linoleate, with 
the naphthenate as the next in importance. A pure cobalt linoleate is a 
very stiff violet substance. Tt is not much used in this highly concen- 
trated form because of some difficulty in dispersion, but in the diluted 
form, the diluents being linseed oil, linseed oil fatty acids or mineral 
spirits. Cobalt linoleate solutions, which are very easily dispersed, contain 
4 to 6 per cent metal. Because of the natural dark colour of this. drier 
: and the very small quantities which are used, it is not usual to pay much 
atteution to achieving improvements in colour. Because of its ease of 
manufacture from cobalt hydrate, its ready solubility when molten, and 
its stability, there has not been the same tendency to substitute it by 
naphthenate as with other metals. Cobalt was first made and used as ` 
the resinate, then as the oleate, and now as the linoleate and naphthenate. 

Cobalt naphthenate is a harder product than the linoleate, being 
resinous in character, and it can be shattered in fragments by sharp blows. 
Tt has a melting-point of 130° C. approximately. 

Cobalt resinate is a violet coloured friable resinous material. It is 
usually made containing about 2-3 per cent metal. Cobalt (ous) oleate 
is à brown amorphous powder soluble in alcohol, benzene, ether aud oils. 

In modified phenol formaldehyde-tung oil varnishes the presence of 
cobalt and manganese driers aids in maintaining lead driers in solution.*® 

Cobalt is not always a satisfactory drier for use with iron blues, but 
it is claimed to be the best drier for dehydrated castor oil!99 

In the presence of turpentine the violet or reddish-blue colour of 
cobalt driers is changed to dark green. 

Solutions of cobalt naphthenate in mineral spirits sometimes have a 
tendency to gel on storage, and this is overcome by additions of acidic 
stabilisers, or incorporation of a few per cent of butyl alcohol in the 
mineral spirits. 

Cobalt causes considerable darkening of films which ave stoved, and 
in such varnishes the cobalt should be kept at a minimum if absence of 
darkening is important. Similarly, cobalt causes a considerable reduction 
in the water resistance of air-dried films. 


' Manganese Soaps 


Manganese is used in the form of linoleate, naphthenate and. resinate. 
The fused linoleate is a dark reddish-brown tough solid in contrast with 
. the precipitated linoleate which has a pale orange colour. In producing 

pale terebines including manganese, it is necessary to use the pr ecipitated 
soap. 

Manganese naphthenate is similar to the fused linoleate in appearance 
. but is tougher. It has a melting-point of approximately 130° C. The 

resinate is a brown friable resin, . 

Manganese naphthenate is not easy to melt and thin with mineral. 
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spirits. Addition of fluxes such as plasticisers or acidic substances are 
an advantage, Solutions of manganese naphthenate in mineral spirits 
have a more pronounced tendency to gel than similar cobalt solutions, 
and they yield solutions with inconveniently. high viscosities. The addi- 
tion of 5 per cent of butyl alcohol to the mineral spirits not only improves 
the stability of the solution but causes substantial reduction in viscosity 
also. Like cobalt, films containing manganese darken considerably on 
stoving. . 


Iron Soaps 


Tron driers may be classified among the little used driers. In some 
old formule for asphaltum finishes, both air drying and stoving, prussian 
blue is used as a drier and is cooked into the oils, ete., iu the usual way as 
with other inorganic metallic compounds. 

Other iron compounds which are used include the lincleale and the 
naphthenate. Both soaps have intense reddish-brown colours. The 
colour is sometimes exploited in gold stoving varnishes. The linoleate 
is a soft pasty substance whereas the naphthenato is stiffer. 

Tron oleate is a brownish-red substance soluble in alcohol, ether and 
hydrocarbons. 


Cerium Soaps 


During recent years a certain interest has been apparent in thie use of 
cerium as a substitute for lead. Since it has similar drying characteristics 
to lead it has replaced it to some extent where it has been considered 
essential to eliminate all tendency to precipitation during storage. Cerium 
soaps are much more soluble than lead soaps in oils and varnish. composi- 
tions generally. They have replaced lead, witli some success, in air- 
drying alkyd varnishes. Although all tendency to cause turbidity is 
eliminated, the presence of cerium causes considerable darkening of the 
varnish both in the original varnish and as'a film. ‘This has militated to 
some extent against its use generally. 

Cerium naphthenate is the only cerium soap that is used to any extent. 
Tt is a soft light brown solid not unlike lead naphthenate in appearance. 

When required as a terebine it is best dissolved in aromatio hydro- 
earbons like naphtha or xylol, in preference to mineral spirits in which it 
is sometimes unstable. 


Vanadium Soaps 


Soluble vanadium soaps have good drying properties. They are 
claimed to be only slightly inferior to cobalt.. The chief disadvantages 
which prevent their general use are cost and the fact that they a are dark 

in colour. . 
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Zine soaps are becoming increasingly popular in varnish manufacture, 
and this is due, primarily, to the introduction of various zinc resinates. 
Zina naphthenate i is used in fair quantities, and i zing, stearate and palinitate 
arc used in lesser amounts for special purposes. ‘The linoleate is rarely 
encountered, | 

Zine resinates have appeared on the market às pale brownish-yellow 
resins under such names as Zinio, Zirex, Zinar, Zitro, etc. Some of 
these soaps contain abnormally high percentages of zinc. Most of the 
zine resinates have very good solubility or compatibility. They are 
soluble, both in aliphatic and aromatic hydrocarbons, turpentine, esters 
and ethers. They are insoluble in alcohol. Zine resinates are com- 
patible with the usnal drying oils and with most natural and synthetic 
resins. 

In making cold solutions of zinc resinate in ) white spirit, dissolution 
is facilitated if a small amount of water (0:2-0-3 per cent calculated on 
the resinate) is added to the white spirit first. The presence of the 
water also greatly reduces the viscosity of the resultant solutions. Zinc 
resinate gives better wetting properties than lead in enamels, and other 
advantages are less tendency to rivel or skin, improved flow and gloss, 
and less settling. Lead soaps give superior initial dry, but both lead and 
zine reach the hard dry condition simultaneously. 

Zine resinate is especially recommended for inducing “ through dry ” 
in alkyds. It may be used as a resin, and in this rôle it can substitute 
ester gum with advantage whero durability i is concerned, or it can partly 
replace modified phenolic resin without loss of durability. Edelstein 
claims further that when zine resinate is used, linseed, perilla or fish oils 
may substitute tung oil without-serious loss of durability Short oil 
zine resinate-blown linseed oil combinations make excellent gold-sizes, 

The zinc resinate (Zirex) with its abnormal metallic content (0:6 per 
cent zinc) is able to react with acidic substances because of its basicity, 
“Thus it can be reacted with drying oil fatty acids or rosin. Basic zinc 
resinate is claimed also to prevent turbidity in phenolic varnishes. 

Although, generally, it is acidic substances which retard gelation of 
tung oil, this result is obtained with basic zinc resinute also.2® Zine 
resinates are also good gel dispersers. 

Zine naphthenate is a pale brown, soft, aticky, easily fusible substance 
_ which dissolves rapidly in hydrocarbons, It is said by Curwen to pre- 
cipitate from high acid value vegetable oils.!9* 

Rollins has studied the effect of driers on Californian sardine oils. 
A blend of cobalt and zine caused legs discoloration of the film than a 
blend of lead and manganese. Using a combination of cobalt and zine, 
the most satisfactory amounts are given as O'l per cent cobalt with 0-05 
per cent zine. The function of the zinc is to toughen the film.195 

Zinc oiticicate, the. zinc salt obtained trom the fatty acids of oiticica 
oll, has been suggested #4 as a better flatting agent than aluminium 
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stearate. Other metallic oiticicates can be used, e.g. the calcium, mag- 
nesium and aluminium salts but they are not so easy to manipulate as 
the zine soap. 

There are three methods of dispersing the zine oiticicate. The first 
consists in melting equal parts of the soap and a selected hard resin, 
separately, and adding the molten soap to the resin below 300° F, The 
mixture is cooked for an hour at 280° F, and allowed to cool or thinned, 
Tn the latter case, a mixed solvent is used consisting of Varnolene (3 pts.) 
and solvent naphtha (1 pt.). The products are nsed as flatting bases. 

The second method involves thinning the molten zinc soap with a 
varnish thinner from which it precipitates on cooling, and running the 
mixture through a water-cooled mill. The soap is said to precipitate 
in colloidal form. Alternatively, the cool rough dispersion in Varnolene 
is ground in à ball mill at a low temperature. 

The advantages of zine oiticicate in flat varnishes over other metallic 
soaps are easier manipulation, absence of cheesiness in films, permanent 
dispersion without settlement and only slight bodying tendency. 


Aluminium Soaps 


The outstanding property of aluminium soaps is their tendency to gel. 
Whilst it has been recorded that aluminium can perform the function of 
a drier it is rare that use is made of this property. Both Gardner and 
Morrell 1° have confirmed the drying properties of aluminium soaps, the 
latter with aluminium resinate. It is said that aluminium has better : 
drying properties than lead. Aluminium naphthenate and stearate are 
the most important soaps in regular use. Aluminium naphthenate is a 
pale brown jelly-like or rubbery substance with a tendency to crumble 
if subjected to force. It does not fuse readily, and is difficult to get into 
solution in hydrocarbons, but once a solution is obtained it is fairly stable 
if the percentage of soap is not too high. As with other soaps where 
difficulty is encountered in effecting solution, the addition of a little butyl 
alcohol is a distinct advantage. 

Aluminium stearate is available as a white powder, in many different 
grades with different properties. These soaps aro prepared to suit the 
individual requirements of certain processes. The data (page 390) ab- 
atracted from the technical literature of a manufacturer * is indicative of 
the variation in properties which it is possible to obtain. 

Aromatic hydrocarbons are the best dispersing agents for aluminium 
stearate, being superior to aliphatic hydrocarbons, esters, alcohols or 
ketones.7 For some purposes it is necessary to grind aluminium 
stearate in a solvent or thinner. Tor this purpose a blend of equal parts 
of toluol and butyl acetate is suggested. . Licata states that where a 
mixture of gel producing liquid with suspension producing liquid is used, 
the suspension producing liquid exerts the greater influence. Toluol is 
used with esters or alcohols! Production of heat should be avoided 


* Messrs. A. Boake Roberts & Co. Ltd., Stratford, London, 
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' during grinding as this may cause gelation. Aluminium stearate gels aro 
transparent. Ruemele chooses aluminium stearates of high acidity for 
use with highly polymerised oil varnishes, and for cellulose lacquers 
stearates with low ash are preferred.199 

















` Gelling range 
Grade of Al. Melting-Point Nature of Gels, 
Stearate. (approx.). . . . ete, 
. 7 in Xylene, in Mineral Qil. 
Higel 1 180? C. 55^-80? C. 1005-1055 Ο. Clear firm jelly. 
Ἠιροί 3 1405 C. 30^—55? C. 95-100? C. Loss rigid jolly 
than Higel 1. 
Higel 11 105? O.. 60-65? C. 105-110? C. Rigid, elastic jolly. 
Higel 22 1680? C. 587-60? C. 100?-103? C. Rigid jelly. 
Higel LM . 115? C. 65-70? C. 100*—105? C. Soft, inelastic 
i ' jelly. 
Nogel . — -- -- Does not gol: 
forms suspensions. 








Aluminium palmitate is used for similar purposes to, the stearate. 
Commercial aluminium oleate is a yellow, tacky, semi-solid mass. It is 
easily soluble in benzene on warming, but insoluble in alcohol. 


Calcium Soaps 


The most important calciuin soap is the resinate. It is a brittle resin, 
and if carefully prepared should be of a pale straw colour. Most limed 
rosins are slightly opalescent. The soap is readily soluble in aliphatic, or 
aromatic hydroearbons and drying oils, and has excellent compatibility 
with most common oil and synthetic varnish constituents. It has a 
higher melting-point than rosin. Although its acidity is considerably less 
than that of rosin, it is not possible to obtain a limed rosin which is 
almost neutral. Often the acidity is high enough to cause feeding with 
basic pigments. | . 

Calcium resinate prepared from natural wood rosin gives solutions of 
lower viscosity than similar resinates from gum rosin. Specially treated 
wood. rosins are made, however, which yield calcium resinates of higher 
melting-point, higher solution viscosity, and paler colour, than gum 
rosin reginates, 

Calcium naphthenate is a soft, pale straw substance of good solubility. 
The linoleate is a white amorphous powder soluble in ether and alcohol. 
The palmitate is also a white powder, but is only slightly soluble in alcohol. 


Chromium Soaps 


These are but little used, The naphthenate is available as a soft, 
sticky, purple coloured substance. 
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The naphthenate is by far the most important of the copper soaps. 
It is a very stiff, dark green material which just fractures when subjected 
to sharp blows. If a sharp blade is thrust into it the incision appears 
white. The soap is not always smooth in appearance, but sometimes 
appears rough and seedy as if it contained some insoluble matter in suspen- 
sion. Tis dark green colour may affect whites and tinted white enamels. 
Tt is soluble in aliphatic hydrocarbons, and it is in this form in which it is 
mostly used. 


Copper naphthenate is used in conjunction with the more powerful 
driers to prevent rivelling, especially in stoved films. Copper sometimes 
has a definite retarding influence on the dry which is more pronounced 
than that of zinc. To minimise rivelling, Mickler suggests the use of 
0-05 per cent of copper in the form of naphthenate, and claims that up to 
0-3 per cent of metal does not inhibit dry.5? 

Copper naphthenste is said to be much more effective in inducing 
gloss in enamels than zine naphthenate. It is used also to eliminate 
skinning and webbing. 

Copper palmitate is a greenish-blue powder with a melting-point of 
120° C., and is slightly soluble in alcohol. The stearate is a light blue 
amorphous powder with a melting-point of 125° C., soluble in benzene, 
turpentine, chloroform and ether, 


Zirconium Soaps 


These, as yet, are of little more than academic interest only. ‘The 
naphthenate is a heavy amber liquid with no real drying properties. 


Magnesium Soaps 


The oleate is a yellowish powder soluble in linseed oil and slightly 
soluble in ether and alcohol. The melting-points of the palmitate and 
stearate aro 12]-5? C. and 132? C., respectively. 


Silver Soaps 
The palmitate has a melting-point of 209° C. and the stearate 205° C. 


Tan Uses or DRISRS, AND METALLIC Soars © 


Metallic soaps probably have a more widespread application than any 
other raw materials. Apart from their use as driers, an aspect which has 
been considered already, they are used also for the following purposes. 

‘Waterproofing Agents—They are used to a considerable extent in 

waterproofing compositions, and it is generally the soaps of saturated 

acids like palmitic and stearic acids which are selected for this purpose. 

The most popular waterproofing soaps are aluminium stearate and palmi- 

‘tate. Other soaps used for waterproofing include the salts of titanium, 

zirconium and thorium.!? Cerium naphthenate is claimed to have good 
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waterproofing properties, and is used in spar varnishes and in impreg- 
nating compositions for ropes and sails.28 Interaction between pigments 
and the free fatty acids of a paint medium may result in the formation of 
soaps which give improved water resistance."° Metallic soaps are incor- 
porated in many cellulosic and synthetic compositions which provide 
water resistant finishes for all manner of surfaces, including cellophane, 
paper, etc. Thus a washable finish for wallpaper comprises a cellulose 
derivative, and zinc or aluminium stearate" The soaps may be used in 
conjunction with wax. 

Matting Agents.—Due to the comparative insolubility of the metallic 
soaps of saturated acids, these soaps are valuable matting agents. This 
property is exploited both in cellulose and oil base products. Soaps used 
for this purpose are lead stearate, zinc oiticicate, aluminium stearate, 
palmitate, and the aluminium soap derived from a modified phenolic 
resin described by the name of Albertate, A flat varnish based ou an 
oleoresinous varnish contains the calcium, magnesium, aluminium or 
zinc soap derived from the free fatty acids of Japan wax. 

Non-Settling Agents —Metallic soaps are valuable non-settling agents. 
Their property of forming gels is effective in maintaining pigments in 
suspension, Aluminium stearate and naphthenate are often present in 
_ small amounts in paints, varnish paints, enamels and metal polishes for 
this purpose, 

Penetration Inhibitors.—The tendency to form a gel structure is also 
a valuable property in the manufacture of printing inks and varnishes. 
Tn such products it is often essential for the film to remain on the surface 
of the paper with minimum penetration. The formation of the gel 
structure in the film aids in accomplishing this. Thus an over-printing 
varnish may be formulated on tung oil, linseed oil, and natural or synthetic 
resins. To this base is added aluminium stearate, or magnesium stearate, 
palmitate or oleate. In an example 15 parts of aluminium stearate are 
mixed with 305 parts of the oleoresinous portion of a varnish. H3 

Krumbhaar asserts that the soaps of magnesium, calcium and zir- 
-conium are preferable to those of aluminium, for with the latter the non- 
penetrating properties are apt to be temporary only, due to the floccula- 
tion of certain pigments, 114 

Basic aluminium soaps have been used also in non-penetrating paints. ns 
A medium for printing ink ig made from resin, mineral oil and metallic 
soaps 116 

Although metallic soaps may confer certain valuable properties, they 
often produce defects simultaneously. The two commonest are inferior 
adhesion and loss of durability. 

| Wetting Agents——The use of metallic soaps as wetting agents for pig- 
ments has been mentioned already. "Phe naphthenates of zine and lead 
have found application here, 

Rot Proofing Agents—Considerable quantities of copper and zine 
naphthenates are used in rot-proofing solutions for the impregnation af . 
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wood, fabric, fishing nets and jute bags. Of these two soaps copper is by 
far the most effective. Tho soaps are used as solutions im white spirit, 
distillate, paraffin, toluene or turpentine. Copper oleate was used origin- 
ally for rot proofing, but is now almost completely replaced by the naph- 
thenate. It has been suggested that the solubility of copper naphthenate 
can be reduced with advantage, if aluminium naphthenate or a similar 
water resistant compound is mixed with it. 

Antifouling Agents.—Metallic soaps, especially those of copper, mercury, 
and arsenic are used in antifouling paints for ships’ bottoms. 

Eimalsifying Agents—Water soluble metallic soaps, derived from 
sodium, potassium and ammonium are valuable emulsifying agents, 

Chalking Inhibitors—Some soaps have been found to minimise or 
eliminate the chalking tendency of pigments like titanium dioxide, which 
exhibits this defect on exposure. Of the soaps recommended for this 
purpose, tin oleate and resinate, chromium oleate, 7 and zirconium 
naphthenate 28 are worthy of inclusion, although the value of zirconium 
naphthenate has not been definitely confirmed. 

Other Uses —Aluminium stearate and soaps of titanium, thorium and 
zirconium are used in the manufacture of lubricants. 

Special applications of metallic soaps are in paint media or varnishes, 
where they sometimes replace resin. It has been mentioned already 
how the resinates of zine and calcium can act as resin substitutes, but 
calcium naphthenate has been suggested to perform this rôle also. A 
solution of calcium naphthenate, one part, dissolved by heating in one 
part of linseed oil and thinned with three parts of benzine has been used. 
as a& varnish.!? A paint medium is produced from a drying oil, resin, 
cobalt linoleate, manganese ricinoleate, and from the insoluble soaps of 
aluminium, iron and zinc. Paint media from sulphur treated oils fre- 
quently contain magnesium oleato.!? 

A floor varnish is formulated from linseed and tung oils, limed rosin, 
paraffin wax, zine stearate and thinner.1#° 

Among less important uses of metallic soaps is the addition of naph- 
thenate.(0-01 to 0-3 per cent) to cellulose acetate to render it less susceptible 
to discoloration by heat ; 14 the addition of 2-10 per cent of magnesium 
oleate, lead oleate, zinc laurate, zine stearate with barium fluoride, or cal- 
cium stearate with zinc oxide, to a polyvinyl resin derived from hydrolised 
polyvinyl acetate, to improve the toughness ; 133 1 paint removers to 
retard the evaporation of solvents and to provide a convenient viscosity ; 
in fillers and sealers for wood before the application of cellulose lacquers ; 
the acceleration of the polymerisation of linseed oil with aluminium 
naphthenate ; 224 and in the sizing of paper during paper manufacture 
where aluminium resinate is used. 
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METALLIC CONTENTS OF DRIERS, SALTS AND SOAPS 
































Drier, Salt or Soup, Formula, MWt. 96 Metal. 
ALUMINIUM : . | Al 27.] 100-0 
Aluminium— 

chloride . . | ALC, . 12,0 266-38 20:3 
hydroxide . . Al(OH), |o 186-0 IET 
nitrata . . AI(NOj), - 9H,O 3753 T3 
oxide . . . 1 ALO, 3020 53. 
sulphate . . | ALGO), | . 322 158 
Al,(SO,), . 9H,0 504-3 10-8 
AL(8O,), . 18,0 660-6 Bd 
acetate 2. AKCH4COO), 3040 133 
oleate . . . Aeon 871:3 8.1 
stearate - . | AKC aaO) 5 877-2 34 
palmitate . - ACH 5a 703-1 94 
linoleate . . ag 
naphthonate: . 4.0 
resinate . . B 26 
tungate . . | $3 
AMMONIA . . | NH, 17-0 
t AMMONIUM " . NH, 18-0 100-0 
Ammoniun-— . 
acetate 20. | NHQUHQUOO Tl 944 
bicarbonate . . | NH, HCO, 70-1 22-8 
carbonate . . (NEL Ja CO, 114:1 316 
chloride . . ΝΗ, ΟΙ 53-5 83.1 
nitrate . . | NHNO, 80-1 33.5 
oxalate | τὰ απρζοο). 194-1 90.1 
(NEE, aJa (COO), I0 142-1 25.4. 
sulphate . . | (NESO f 132-1 2T3 
oleate . . . XH, Cag ELagQo 299-4 6:0 
palmitate . . NH, Olla. 213-4 6-6 
stearate . . NH, . Cag ELO, |^ 801-4 6.0 
linoleate - . . 6-4 
naphthenate "TT c 
reainate 50 
tungate . Gc 
ANTIMONY . . | Sb 120-2 100-0 
Antimony-— 
trichloride — . . | SbOL 226-ü 53-0 
pentaehloride . SbOL, . 207-5 40-4 
sulphate . . Sh (SO, Ja 528-6 45.6 
frioxide . . | 8540, 288-4 33-2 
pentoxido — . . Sb30; 320-4 150 
BARIUM ., , . | Ba 187-4 100-0 
Barivin— 
acetate . . | Ba(Qm, 000), . H,0 279-4 50-3 
eatbonato — . . | Balo, 197-4 ^ 69.6 
chlorido . . | BaCl, 208-3 66-0 
Bat, . 26,0 344. 56-9 
hydroxide — . . | BafOH), . 8H,0 315-5 43-5 
oxide . . .| Bad 153-4 . 80-5 
nitrate . . | Ba(NO4); 261-4 52-6 
peroxide . . | Bad, 169-4 8143 
oleate . . . | Ba(C 4 H3405), 700-1 19.6 
palmitato — . . | Ba(Co Ha0.). 648-1 21.2 
atearate . . | Ba(C,H5,04)o 104-1 19-5 
linoleate ` . 20-6 





ee A 
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Varnish Constituents. 


METALLIC CONTENTS OF DRIERS, SALTS AND SOAPS—Centinucd 








Drier, Salt ov Soap. 





Barium— 
naphthenate 
resmate 
tungate 

luswuTE 

Bismuth— 
hydroxide . . 
nitrato 


pentoxide 
sulphato 
trichloride 
trioxide 
oleate . 
palmitato 
stearate 
linoloate 
naphthenate 
rosinate 
tungato 
CADMIUM. 
admin=- 
carbonate 
chloride 


hydroxide 
nitrato 
oxide 
acetate 
sulphate 


oleate . 
palmitate 
stearate 
linoleate 
naphthenate 
resinato 
tungate 
CaLcrum . 
Caleium— 
neetate 


carbonato 
chlorido 


hydroxide 
mitrate 


oxide 
oxalate 
sulphate 


T'ornmulo. 


Bi 


Bi(OH), 
Bi(NO,), . SH,0 
Bi(NO,), . GEL,O 


λος 

Bi, 480, ja 
‘BiCl, 

BiOs 
Bi(C, s H5504)a 
Bi(C,4 Ha102)s 
Bi(CisFla:0:)4 


Cd 


CdCO; 

CdCl, . 21,0 
CdCl, 

CdCl, » 24H QO 
Ca(OH), 
Cd(NO; 4H,0 
CdO 
Cd(CH4C00),2H.,0 
3Cd80, . 8EL,O 
Cd80, . 4H,0 
Cd80, 

Cd(Cis Ha505)5 
Cd(C, 513,05). 
Cd(C;5H3;05)3 





Cu 


Ca(CH4C00), 
Ca(CH,C00),H,0 
CaCO 

CaCl,. H,0 

CaCl, . GH,0 
CaCl, . 2H;0 
CaCl 


Ca8O, . 2H,O 
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MWt. 


200-0 


260-0 
485-1 
503-1 
498-0 
708-2 
315-4 
466-0 
1053-2 
975-0 
1059.2 


1124. 


17244 
219-4 
183-3 
228-4 
146-4 
308-5 
1284 
266-5 
760-5 
280-5 
208.5 
675-1 
23:1 
679.1 


40-1 


158-1 
176-1 
100-1 
129-0 
219-1 
147-0 
111-0 

74-1 
164.1 
218-1 
2360:1 

56-1 
128.1 
136-1 
1723 








% Metal. 


oe 


24-3 
16-0 
20.0 
100-0 


80-4 
13-1 
41.6 

|o 8290 
' 69.3 
66-3 
89-7 
19-0 
2145 
10:7 
20-8 
24-6 
17.1 
21-0 
100-0 


65.2. 
51:2 
61-3 
40-3 
76:0 
36-5 
875 
42-1 
138 
40-1 
58-0 
16-6 
18-1 
16-5 
17-5 
20-7 
14.2 
17.6 
100-0 


25:3 
22-8 
40-1 
910 
18-3 
27.8 
36:1 
54-1 
24-4 
18-3 
17-0 
71-5 
31:8 
29-4 
23:3 


Driers and Other Metallic Soaps 


METALLIC CONTENTS OF DRIERS, SALTS AND SOAP&- Continued, 





Formula, 














Drier, Salt or Soap, Wt. 95 Motal, 
Caleium— 
oleate Ca(C, 44,04). 602-8 6-0 
palmitate Custis Ja 550-7 T3 
stearate Ca(O,.H,;00). 606-8 6-6 
linoleate UÓ 
naphthonate as 
_resinate n 
tungate γαι 
Can.om, Ce 140-2 100-0 
Ceriuni— 
sosquioxide CaO, B255 85-4 
Cerous— 
chloride Ce,0l, 493-3 56-9 
carbonate Ces(CO, },5££,0 550-6 50-9 
sulphate Ces(8O,)5 5687 49-3 
Co,(80,), . 4E,0 640-5 43-8 
Co,(80, ja. SEL,O 712-7 39-6 
Ces SO, ),UEL,O 730-6 384 
Corie sulphate . Oe($O0,), . «ΠΟ 404-4 34-6 
Corous— ' 
acetate Ce(CH4COO), . ΙΕ 344-2 40-8 
oxalate Ce (COO), 544-5 51-5 
Ce,(COO), . 9EL,O 700-4. 20-8 
oleate . Ce(U, S H4,0,); 084-4 142 
palmitate Ce( C, HE nos 3 000-3 15-5 
stearate Cal Cys y;09)5 988-4 142 
linoleate 15-0 
naphthenato 11.8 
resmato 12:1 
tuugate 15-1 
CHROMIUM Or 52-0 100-0 
Chromic acotate Cr(CH,COO), . H,O 247-1 21-1 
Chromium— 
sesquioxido , OrOs 152-0 68-4 
trioxide CrO; 100-0 52-0 
Chromie— 
chloride Cry Cl, 3817.8 52.8 
CrCl, . 1OH,O 338-5 15-4 
nitrate Cr(NO,),9H,0 400-2 18:0 
Or(NO4)4 . 741,0 373-2 13-0 
sulphato Cr,(SO4)5 392-2 26-5 
Cr4(80,),5H4,0 482-3 21:6 
Cr(80,)) . 15H40 | 662.4 15.7 
Cr, (SO, )g18H,0 71644 145 
Chromous— 
chloride . CrCl, 122-9 43.8 
sulphate i Crs0, . TH,O 274-8 19.0 
Chromic— 
oleate Cr(C;sH40,)s 896-1 58 
palmitate Or(Cis Hass 818-0 644. 
stearate Cr(C, s EL4,0,); 903-1 58 
linoleato 61 
naphthenate Ted, 
resinato 40 
tungate 6.3 
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METALLIC CONTENTS OF DRIERS, SALTS AND SOATS—Continucd 








Drier, Salt or Soap. 

















Formula. MW. % Metal, 
COBALT Co 59-0 190-0 
Cobalt— 
acetate Co(CH4COO0), , 177-0 53:4 
Co(CH,COO), : 4H,0 349-0 23-5 
carbonate CoCO, 11930 45 
4CoC0, . Co(OH), . 5H,0 659-0 447 c 
chloride CoCl, 129.9 454 
CoCl, . 63,0 238-0 24-8 
CoCL, , 28,0 168-9 35-6 
hydroxide Co(OH), -- 93-0 63-4 
nitrate . (Νο, 61,0 391:1 20:3 
oxide CoO 15.0 785 
Co,04 165.9 TLO 
sulphate CoSO, 1850 38:0 
CoSO, . TH,O 281-1 21-0 
borate . 3000 . 2B, Os . 4H,0 436-6 40:6 
olento Co(C is Bajos 621-7 085 
stearate Co(C Hy ,0 025.7 Ord 
palmitate . Co(C, B,0;); 569-65 104 
naphthenate . 12:0 
linoleato 10-0 
resinate 8-0 
tungato 101 
COPPER Cu 63-6 100.0 
Copper— 
sulphate CuSO, 159-6 20-8 
CuSO, . 5ELO 249-7 55.5 
acetato Cu(CH, . COO),H,O 109-7 31:0 
chloride CuCl, 1845 473 
CaCl, ΘΟ 170.5 87.3 
hydvoxide Cu(OTD, 97-6 65-2 
nitrate . Cu(NO4),3H1,0 241.6 36.3 
CUNO ja. GHO 298-7 91.5 
oxide 79.6 79-0 
Cuprous— 
oxido Cu,0 143-1 88.0 
sulphato CuSO, 223.2 57-0 
Jopper— 
oleata Cu(C MTS IO Y, 620-3 10-3 
stenrate Cu(C iala O2) 630:3 10:1 
palmitate Cu(C, 4EH14,0,), H74-2 1191 
linoleate 10-7 
naphthenate . 19:8 
resinato 8-6 
tungate . 10-8 
Inow Te 55.8 100-0 
TF'etric— 
nitrate . Fe,(NO4,12H,O 699-9 16-0 
ο ΝΟ]. 1αῖχιο 808-0 138 
chloride Fo,Cl, 324-4. 184-4. 
Fe Ch - 1200 640-6 20-7 
hydroxide TFe,OR), 213-7 52:3 
oxide Fe,Q, 169-7 69-9 
sulphate Τομ Οι) 399-9 27-9 
. Fe4(80,),0185,0 602-0 19:0 
ferrocyanido . Te,(FeC,N,), 858-2 26:0 
acetate Fe(CH4000),. 2233-0 240 : 
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METALLIC CONTENTS OF DRIERS, SALTS AND SOAPS—Continued 
Drier, Salt or Soap. Formula, MW. % Metal, — 
T'orrous—-- ' 
chlorido FeCl, . dH,0 198-8 28-1 
FeCl, 126-8 44-0 
acotate Fe(CH, COO), . 4—,0 245-9 22-7 
sulphate FeSO, 151-9 96-8 
FeSO,.7H,0 278-0 20-1 
Tron— 
oxide FeO, 231-5 72-4 
' Bbonrate Vo(GuHasQs Ja 905-9 6-2 
oleate Fe(C ΤΙ 800-0 63 
palmitate Fe(CyyH 4102), 8310 0:8 
linoleato 0.6 
naplithonate . 7-9 
rosinate 52 
tungnto 6-6 
LRAD Pb 207-3 100-0 
Lond-— 
ücetato Pb. (CH4UCOO), . 3EO 370-3 54-7 
Ph . (CH,COO),10E,O 505-4 41-0 
borate . Pb(BO,),F,0 BILO 66-5 
dioxide PhO, 230-2 86:6 
oxido PLO 223-2 92.8 
Red lead . PhO, 85:6 90.7 
Lead— 
hydroxide Pbh(OH), 241-2 85.9 
nitrate . Pb(NO,), 331.2 09.0 
White lend. 2PbCO, . Pb(OH), 775-6 80-2 
Lead—- 
oleate Ph(C4,IT440,4), 700-7 20-0 
stearato Ph(Cygl Ον h 77837 30.8 
palmitato Pb(Ci Haa) ΠΕΠ 28-0 
linoleate 28-2 
naphthenate . 32-5 
reginato 2344 
tungate 28-3 
MAGNESIUM - Mg 24.3 100-0 
Magnesit- 
earbonate MgCO, 84.3 28-9 
chloride MgCl, 95-2 25-6 
MgCl, 6H,0 203-2 12:0 
hydroxide Mg(OH), 58-3 41-7 
nitrate . Mg(NOs jH, o 256-4 9-5 
oxide MgO 40:3 60-3 
phosphate Mi, (PO,) 4 H,0 335-1 . 21:8 
sulphato Mgso, . 1,0 138-4 17:0 
Mg8O, . TH,O 240:5 9c 
ΜΡΒΌ, 13044 20-9 
acobate Macc! HACC IO}, . 4EL,0 31454. 11»4 
oleate Mg(Ci 5404). 6RT-I 2 
palmitate MgC Ha Oa) 535-0 4-6 
stearato Mg(C,4115,04). 501-1 +l 
linoleate 4-4 
naphthenabe . 5:8 
vesinnto 35 
tungato 4:4 
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Drier, Salt or Soap. Formula. M.Wt, % Metal. 
MANGANESE Mn 54-0 100-0 
Manganese— 

dioxide Μον S69 09:2 
sesquioxide Μαιος 157.9 34.8 
oxide hydrated Mn;O; UH h 175:9 63:5 
sulphate Mn,(S8O,} 398-0 27-6 
Mn8O, 1514 36-4 
Mns0, . 4,0 169-0 32:5. 
Mn8SO, . 4H,O 323-0 247 
Mn80, . 2H,0 18130 204 
Mn30,.7H,0 277-1 19-8 
Mn8O, . 3H,,0 205-0 26-8 
Mnso, . SEO 2411 22-8 
Mn80, . 6H, ο 259-1 213 
avobato Mn(CH,COO), 31,0 327-0 94:9 
Mn(CH, 600): 4,0 245-0) 22-4 
borato . Mn,(BO, 282-8 f8-3 
carbonate MnCO, 114-9 47-8 
oxalate Mn(COO), 142-9 38-5 
oleate Mn(C, 4 H4,0,)4 177 8-0 
palmitate ως. da 565-7 7 
stearate Μπ(Ό,ἑἨγεΌν)α 621-7 8:8 
linoleata 5:4 
naphthenate . 1r3 
resinata TS 
tungate 9:5 
παοσαν Beg 200-6 100-0 
Mereuric— 
chloride HeCl, 271-5 73-9 
nitrate . Hg(NO,), 324-0 01:8 
Hg(NO4), . 2H,0 360-7 55:6 
oxide HgO 216-6 92-6 
sulphate | Ἠοδοι 206-7 07.6 
acetate Hg(CH,CO0), 318-7 83-0 
Mereurous— 
chloride Hg,Cl, απ] 850 - 
nitrate . . Hg Ορ], 525-3, 76:8- 
Hg(NO;), . 2H0 561:2 71:5 
oxide . HgO 4172 56-2 
sulphate Hg30, 407-3 80-7 
Mercurie— 
oleate Tig( C a HaSO0,.). 763-3 20-3 
palmitate He(CigH 4,05). 7113 28-2 
stourate Τρίο μα πον. "TS 26:3 
linoleate 2745 
naphthenate . 381-8 
resinae 23:8 
tungate 27-7 
Nicxun Ni 58-7 100-0 
Nickel— t 
chloride ΝΙΟΙ, 120-6 45-3 
` NiCl,. 6H,0 237-6 24-7 
hydroxide (ic) NiO,.-- H, O (indefinite) σσ. 
nitrate . (NINO, ),6H, © 290-8 20:2 
hydroxide Ni(OH), 92-7 83:3 
acetate . | Ni(CH,0OQ), 1767 33-2 
TUTTI re 
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Drier, Salt or Soap. . Yormula, NOW ο $4 Metal. 
Nickel— ᾿ 
&cotabo . . | Ni(CH,000), . 4H40 248-7 23-6 
formato . . | NUE. COO), . 2H,0 184-7 318 
oxnlate ; . | Ni(COO), . 215,0 182.7 32-1 
oxido . . . | Nio 741 78-6 
aesquíoxido . . | Ni,Og 165-4 85:6 
xulphato . . |. NiSO, 134-7 38:0 
NiS0, . 0IT,O . 262-8 224 
NiSO,. 7H,0 280-0 . 8095 
oleate. . (| Ni(Culg,0,). 8214 BI 
palmitato . SILNi(QLGAO.. C 569-4 10:3 
stearate . o | Ni(CygHy;Oa), 625-4 9-4. 
linoleate . . 10-0 
naphthonate . . 19.0 
rosInato n . . O80 
Tunguto ; : 10.1 
POTASSIUM . .|K , 39:1 100-0 
Potassium—- : 
acetate ` -| K. CCOO 98-1 39.0 
bicarbonato . | KECO, 100-1 39-1 
carbonate. LKC 138-2 58-6 
K,00,. 221,0 174-2 0 4E 
chloride - . LAO. 74:0 524 
hydroxide . .| KOH 56-1 60-8 
nitrato . . -| KNO, 101-1 38-7 
sulphato : (4 X80, ` 1743 44.0 
oleate, . ο δν Ορος 320-4 122 
palmitate . QOLK.CaHgO, 204-4 13-3 
stearate : . | ος Ομ ορ 322-5 19.1 
linoleato . : ΥΠ 
naphthenate . . 207 
resinate : . 14:2 
tungate . . , 17.6 
Sonim. f . | Na 23-0 |. 100-0 
Sodium—- 7 . 
aeotato > . | Na. CH,COO 82:0 , 28-0 
Na. CH,COO , 31,0 136:1 16-9 
biearhonute |. -| NaHCO, 84-0 27-4. 
eurbonate — . . | Na Os, 106-0 A34. 
Na,CO, . H,O | 31240 37-1 
NaQ,CO, . 10H40 286-2 16-1 
chloride . . | NaOt σ8.ῦ 894 
hydroxide — . -| NaOH : 40:0 57-5 
sulphate . . | Na48O04 142-1 32-4 
Na,SO, . TH,O 268-2 17.2 
Na,80, . LOH,O 322-3 14-8 
oleaio . . 1 δαν Ομ ΕἨποΟι 304-4 7-6 
palmitate — . | Nà vC EG0; 278.3 ᾿ 8.3 
stonrate . . | Na. Ciga Oa 300-4 1.0 
linoleate . . : 8-0 
naphthonato . . 6 
rosinate . . o3 
. tungate . ᾿ | 8-1 
THORIUM . , . | Th 232-4. 100-0 
Thorium-— 
ehloride . 2 | ThCI, 374-2 62-0 
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Drier, Salt or Soap. Formula. * M.Wt. % Metal. 
Thorium-— 
nitrate . TUNO) 480-4. 18-4 
THN Oah- 4ELO 5522 “2-1 
TANO) 19H,0 690-0 334 
sulphate ThSO,), 4242 54-8 
' Th(S0,), . 48,0 406-3 40-8 
Th(SO,), . 8EL,0 586-4 30-7 
oxide ThO, 2644 87-9 
oleate TACs Ja 13576 11.1 
palmitato ThH(Oyg Hy Oa), 1983.5 18.5 
stearate. Th(C,4H35;0,), 1367-85 17.0 
linoleate 199 
naphthenate . 218 
resinnto i T ἥ j 
tungato [Sef 
TITANIUM. Ti 48.1 100-0 
Titanium— . . 
dioxide TiO, E un 
tetrachloride Tigh a pia 
‘sulphate pee oP TRE Ue 3834 25 
sesquis iia "Vi, ος a (8H, ο 5284 18-3 
oleate ΤΟΠΟ. da 1173-6 tl 
palmitate "Ti(Cog EHS02)4 1000-5 v5 
stearate THC yg El ysOa)s 1181-6 del 
linoleate 14 
naphthenate . Bek 
resinnto 04 
tungaie Ad, 
Tow En 18.7 100-0 
Stannie— 
chloride SnCl, 26008 . 46-6 
nCl, . SH,O JLEG 37-7 
SnCl, . 4,0 332-6 35-7 
SnCl, . 6H,0 350-6 33-0 
Stamous—- 
chloride SnCl, . 180-6 (2-6 
SuCl, . ZELO 225.1 52-6 
Stannic— 
oxide 8n0, 150-7 T9 8 
sulphate . Su(SO4), . 22,0 346.0 3443 
Stannous sulphate SndO, 214-7 50-3 
Stannic—- 
oleate Bn(CygH5,0.)4 1244-2 D5 
palmitate Su( Ci Hz0a)a 1140-1 10-4 
stearate Επι Ορ) 1282-2 9:5 
linoleate 10-1 
naphbhenate . 12-4 
resinate 8:0 
tungato 10-2 
: VANADIUM ^ ν 51-0 100-0 
Vanadiun-— 
dichloride vel, 121-9 41-9 
trichloride Vl 1574 32:4 
tetrachloride . vol, 1928 - 20-4 
oleato V (CrO) 1176-5 48 
palmitate V(CygH ΟΣ). 1072-4 4.8 
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Vanacinm—- 
stanrate 
Jinalouto 
naphthennto . 
reginablo 
tungabo 

ZING 

Ainge 
acetato 


nitrato . 


oxido 
μαρια: 


chloride 
olento 
palmitate 
stoarato 
linoleate 
naphthenate . 
rosinate 
timgate 
ZIRCONIUM 
Zirconiuim--- 
chloride 
oxide 
sulphate 
oleate 
palmitato 
shoarabo 
linoleato 
naphthenate . 
rosinato 
Tam gato 
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Formula. 


V(C Ea O4), 


Zu 


Zn( Πιο) 
E 





7 n(NO,), 
Zu(NO,). 
“nO 
ZnSO, 
4u80, . GH,0 
ans, . 
ZuCl, 
Zn(C 1a, 

Zu( SN ada 
ΠΚ ΜΟΝΗ 





Ἂν 


ZvUl, 

ZrO, 

ZES O i)a. AEO 
Zr(C yg tly yn) 
Zr( Ci Fh5,04), 
Zelg Ea Oaa 
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2605 ü 
287:5 
136- 
6928- | 


mer 


STO: 
632 


STTRS 


UD 


232-4 
199160 
Jon 
1316-7 
1112-6 
12247 
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oO) Metal, 


4.3 
4:0 
5-0 
3-6 
4.0 
100-0 
3547 
99. 8 
260-0 
22-0 
80-4 
40-5 
24-3 
22-7 
45.0 
10-4 
li 
10.4 
110 
1999 
8-8 
11.1 
100-0 


CHAPTER 11 


ANTIOXIDANTS 


ANTIOXIDANTS are known also as inhibitors or negative catalysts. 

Antioxidants are agents which retard the normal oxidation process of 
drying compositions. Their presence may be inconvenient, and it is then 
neceasary to effect their removal. Thus, unprocessed drying oils contain 
natural antioxidants which cause the so-called induction period. Although 
a drying composition is exposed to oxidising conditions, no perceptible 
oxidation may occur for some time. This time of apparent inactivity is 
known as the induction period. 

Alternatively, antioxidants may be added. to varnishes to control 
excessive oxidation, which is reflected in rivelling, skinning or diminished 
durability. Thus antioxidants may be either a disadvantage or, if used 
with care, of great value. | 

Natural Antioxidants Hamilton and Olcott? have stated that the 
induction period of natural drying oils is due to the presence of inhibitors 
or antioxidants, pure materials having no induction period. This con- 
tention is supported by the results of experiments conducted on the 
oxidation of methyl oleate. Cohen includes among the probable natural 
antioxidants of linseed oil, chlorophyll, xanthophyll, carotene, and the 
phosphatide, cephalin, Cephalin has been detected in the aqueous 
* extraction of linseed oil? 

It is interesting to note, however, that under certain conditions 
carotene may effectively reduce the induction period? Taufel and 
Müller have shown also that chlorophyll and xanthophyll can increase 
the rate of drying of oils, The rate of drying and autoxidation of pumpkin 
seed oil were reduced by treatment with Fuller’s earth. The subsequent 
addition of chlorophyll partly restored these properties.” 

It seems probable that what is commonly known as the “ break ” of 
oils is closely related to the natural antioxidants, for Kraybill, Meinsmith, 
and ‘Thornton have shown that the drying times of soya bean oils vary 
with the “break” and phosphatide content, and that when these and’ 
other substances are removed, drying times become uniform.* Hilditeh 
and Paul believe that a basie oxygen compound is the antioxidant in 
natural seeds. Antioxidants resembling vitamin FE have been isolated 
by Olcott and Mattill from the unsaponifiable matter-of vegetable oils, 
Soya bean meal is digested with an organic acid and then extracted with 
methyl alcohol. When this extract is further extracted with cold acetone 
a resinous material ig obtained which is a strong antioxidant,’ 

. The composition of the phosphatides of three. vegetable oil seeds are 
. given in the table ** on the following page. 
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Vegetable Oil Seed | Lecithin, Per cent Cephalin, Per cent 
Cottonseed . . 98.8 712 
Linseed |. . 30-2 803-8 
Sunflower 38-5 61.0 


Removal and Destruction of Antioxidanis——It is claimed that the 
natural antioxidants of linseed and clive oils may be destroyed, by boiling 
water or romoved by extraction with water. ‘lhe effect produced in olive 
oil by antioxidant is said to be equal to that produced by 0-03 per cont 
of quinol. 

A method has been recorded whereby the induction period of soya 
bean oil can be reduced from 200 to 20 hours." According to Cohen, the 
induetion period of linseed oil is curtailed by adding manganese driers, 
by ageing, and by heating (200-270? C.) Tho explanation oftered for 
the effectiveness of these methods is that the phosphatides and carotenoids 
are readily oxidised 10 

The addition of lead linoleate, resinate or naphthonate to raw oil seems 
to cause precipitation of the natural antioxidants.“ 

The Mechanism of Oxidation Inhibition —The extent to which dry is 
inhibited by antioxidanta depends upon the amount of antioxidant 
present. In some cases, however, small amounts of antioxidants may act 
as pro oxidants, and it is only with larger amounts that they exert their 
normal retarding influence.™ 

The mechanism of the process by which antioxidants cause inhibition 
of drying is not clear. Scheiber suggests that the antioxidant ‘reduces the 
peroxides of the oil in two stages : 


AO, + X = AO + XO 
CAO 4c XO — A 4X 4 0, 


where the antioxidant is represented by X39 Somo antioxidants react 
with oxygen themselves, a reaction stimulated by the presence of drying 
oils. Quinol appears to be unique in its action, for there is evidence that 
it forms an unstable additive compound with unsaturated acids.“ 

The oxidation process following the induction period is said to be 
unaffected by the presence of phenolie antioxidants.  Lederer agrees 
that the course of the oxidation process is unaffected, and that what 
occurs is merely a diminution in the rate of oxygen absorption.“ 

Artificial Antiowidants.—Resorcinol and B-naphthol delay the setting 
of tung oil, but do not substantially affect the amount of oxygen absorbed. 
during drying. With linseed oil the activity of these antioxidants is said 
to be gradually destroyed. The inhibition of autoxidation by means of 
antioxidants is said to bo more marked with dehydrated castor oils than. 
with linseed or tung oils.!5 Guaiacol, maleic acid, and mannitol increase 
the induction period when lard and cod liver oil are oxidised at 50? C? 
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Benzoin resin, Tola balsam and various phenols are also given as effective 
antioxidants for lard. 

Antioxidants for edible oils include lecithin,’? quinol, diphenyl guani- 
dine and potassium cyanide. O-L per cent of benzyl alcohol, phenyl 
ethyl alcohol or cinnamyl alcohol is a satisfactory antioxidant for castor 

‘or arachis oils18 The rate of oxygen absorption of linseed oil is reduced 
by 50 per cent by the addition of a trace of acetoxime.!? 

Some phenolie resins in conjunction with linseed oil act as antioxidants, 
and this may be due to free phenols in. the resin. Vernon and Rinne have 
studied this aspect, and havo shown that sometimes the antioxidant effect 
can be reduced by treatment with hydrogen peroxide.*0 

Other antioxidants which are elfective for drying oils are guaiacol, 
pyrocatechol, eugenol, the monomethyl ether of hydroquinone,” and 
pyrogallol. Anilido-ethane thiol has been suggested as a satisfactory 
antioxidant for many substances which normally oxidise readily.” 
Hilpert and Niehaus record the results of inconclusive experiments on the 
antioxidant effect of phenols on linseed and tung oils in the presence of 
lead, cobalt and manganese driers.” 

Morvillez, Balátre and Pujo state that the tendenoy of a substance to 
reduce ammoniacal silver nitrate is an indication of antioxidant activity.* 


Uses 


The oxidation inhibiting properties of the antioxidants have been 
. exploited in many directions, although such additions are by no means 
popular yet. In adding antioxidants to drying compositions, the greatest 
difficulty is to accomplish the desired result without introducing other 
defects. Two detcets which are introduced are retardation of drying, and 
the acquisition of a smell which is not always pleasant. On ageing the 
smell disappears, and it is usually only during the very early life of the 
film that it is unmistakably present. In this connection, it is interesting 
to note the observations of Hilpert and Niehaus, who have recorded that. 
during the drying of oily phenols seem to disappear. Their disappearance 
is not due to evaporation, but is a gradual process involving three stages.25 
. Failure of air-drying compositions on exposure is usually attributed, at 
least in part, to the disintegrating action of continued oxidation. Tt is not 
surprising, therefore, that antioxidants have been used to control this 
gradual oxidation. The durability of phenolic resin-tung oil varnishes 
has been improved by the addition of 0-72 per cent (calculated on non- 
volatile portion) of various antioxidants.  Aryl substituted guanidine 
has been used to help maintain flexibility in air-drying compositions 
without adversely affecting the dry.?* 

One of the most well-known uses for antioxidants.is to prevent the 
skinning of varnishes or pigmented compositions in the containers during 
storage. When used for this purpose they are known as anti-skinning 

_ agents. The problem of ‘skinning may be tackled in four ways. 
1. The product may be reformulated to eliminate or to partly eliminate 
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raw materials which cause skinning. Alternatively, the varnish may be 
subjected to a modified heat treatment with advantage. 

2. The varnish, etc., may be stored in absence of air. This is accom- 
plished. by almost completely filling the containers or by replacing air 
with an inert gas like carbon dioxide. 

3. Antioxidants may be added. - 

4. Dispersing agents may be incorporated. 

Many antioxidants, including proprietary articles, have been sug- 
gested to minimise skinning, The object is to add sufficient antioxidant 
to prevent skinning, but insufficient to seriously impede the drying of the 
film. ‘his is a very difficult accomplishment and most adjustments, 
therefore, are compromises. Among anti-skinning agents may be in- 
cluded, beechwood ereosote, guaiacol, cresol, o-amyl phenol, pyrocatechol, 
pyrogallol, hydroquinone, eucalyptus oil, clove oil, Guaiaphene, and 
Albortol 1097.48 0-Amyl phenol is obtained as a by-product during the 
manufacture of p-tertiary amyl phenol. Tt is obvious that polyhydroxy- 
phenols or their derivatives are satisfactory anti-skinming agents. Pyro- 
catechol appears to be the most powerful anti-skiuning agent readily 
avallable. Guaiacol is satisfactory also, but is not so effective as pyro- 
catechol. Guaiaphene is a proprietary article derived from ‘pine wood, 
containing a mixture of phenols amoug which are pyrocatechol, pyro- 
gallol, guaiacol and their derivatives.  Albertol 100J is used at 3-6 
per cent in varnishes?" The polymerisable bodies of crude solvent 
naphtha are reacted with phenolie compounds to yield a “ phenolic hoavy 
oil " which has auti-skinning properties?!  Àn inexpensive anti-skinning 
agent is made by the condensation of phenols with cyclic compounds 
possessing a cyclopentadiene nucleus.’ Compounds containing the 
oximido group have been patented as anti-skinning agents and are used. 
in amount up to 0-2 per cent of the drying oil present.*° 

Dispersing agents which are used to prevent skinning may be either 
acidic compounds or solvents. Among the acidic compounds are 
a-crotonie acid, sold under the designation of Mittel 29, salicylic acid and 
benzoic acid. Solvent dispersing agents are: cyclohexanol, methyl 
cyclohexanol, dipentene, pine oil, butyl aleohol and butyl glycollate. 
Dipentene is stated to reduce surface tension.?? 

Frequently, combinations of anti-skinning agents are used, Such 
combinations utilise the properties of the phenolic compounds and the 
solvents, 

Another use of antioxidants is in the control or elimination of excessive 
surface oxidation which manifests itself as rivelling, Carboxylic acids | 
with triple bonds or their derivatives have been patented for this purpose, 
and the following represents a list of suitable compounds : : 





CH, C=C, COOH, CHasC , COOH, CIC=== C. COO, OIGH,C eC. CCOIH, 
NO,C,H,0=280. COOH and ()fys==s0 . COOH. 


5 





Although metallic soaps like those of zine and copper are not normally 
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regarded ag antioxidants, they may claim this descr iption when they are 
used to prevent rivelling. 

Other uses of antioxidants are to prevent thickening of enamels and 
to control the rate of viscosity increase of oils. The rate of viscosity 
‘increase during the blowing of rape oil is reduced by the presence of cobale 
linoleate (0-1 per cent cobalt), quinol (0-25 per cent), phenylhydrazint 
(0-1 per cent.) and anthranilic acid (1 per cent).*4 Antioxidants also 
prevent the polymerisation of peroxides. The effect of soluble cobalt 
soaps on the viscosity of rubber solution is well known, but it can be 
inhibited by antioxidants, examples of which are « and f-naphthols, 
pyrogallol, oxyhydroquinone, o and p-aminophenols and amines such as 
di-phenylamine, and « and. f-naphthylamines.36 

The discoloration of heavy metal naphthenates and resinates on 
oxidation, is eliminated by adding antioxidants, among which are p-pheny- 
lene diamine, o and p-aminophenols, and fractions with a boiling-point 
in excess of 240° C. obtained from wood tar. Combinations of these 
compounds yield very satisfactory results, and a mixture of methylated 
p-aminophenol (4 pts.) and methylated p-phenylenediamine (1 pt.) is 
suggested.3? 

Certain drying oils under favourable conditions may ignite spon- 
taneously, especially in the form of thin films. Blitz and Simon have 
conducted experiments with anti-oxidants to inhibit or retard the 
spontaneous ignition of oils. Three phenolic compounds were tested 
separately with linseed, sunflower and tung oils. The ignition of tung 
oil could not be retarded satisfactorily by any of the phenols—pyro- 
catechol, «- or f-naphthol. The greatest retardation was given by 
pyrocatechol and the least by 6-naphthol.* 

Work has been condueted on the prevention of the deterioration of 
cracked gasolines by antioxidants.38 
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CHAPTER 12 
ASPHALTUMS AND PITCHES 


Nomenclature —The nomenclature of these materials is by no means 
clearly understood in the varnish trade. The terms, asphalt, asphaltum, 
pitch and bitumen are used indiscriminately with practically no pretence 
at accuracy, ‘Thus any black resinous substance is described as a bitumen 
or a pitch, whether it is Gilsonite, Rafaclite, Manjak, an asphaltic petroleum 
product, or substances obtained by distillation of rosin, wool grease, or 
vegetable oils. A material with similar characteristics to Gilsonite is 
erroneously described as Density pitch. Since it is obviously a natural 
asphaltum, a better description would be Density asphaltum. 

According to Peekham + “ bitumen is a generic term used to designate 
a class of minerals, as they occur in nature, that are soluble in chloroform 
and other neutral liquids.” “ Artificial bitumen ” is a name applied te 
distillation residues such as those from coal tar, petroleum, etc. Langton 5 
also regards the term “ bitumen” as a generic one, describing substances 
soluble in earbon disulphide, or other neutral liquids, of which carbon 
and hydrogen are the major constituent elements. Fhe term * bitumen ” 
may be amplified to describe more precisely a certain type of substance, 
eg. “artificial” or “mineral” bitumens. The B.8.L. definition of 
“bitumen” is “a generic term for a group of hydrocarbon products 
soluble in carbon disulphide, which either occur in nature or are obtained 
by the evaporation of asphaltic oils. The term shall not include residues 
from paraffin oils or coal-tar products." 

Asphalt or asphaltum describe the hard natural bitumens, such ag 
Gilsonite, Rafaclite, Manjak, ete., but the latter term is preferable to the 
former because asphalt is often applied specifically to bitumens contain- 
ing mineral matter, This may be present in the bitumen naturally or 
it may have been added deliberately. In any case those materials are 
not used in the varnish trade. The softer bitumens are known as Malthas. 
Natural asphaltums of the Gilsonite or Manjak varieties are also known 
as asphaltites. 

The term “pitch “ or “residual pitch” describes the distillation 
residues obtained from coal tar, rosin, or petroleum, eto. 

Souree.—The U.S.A. is a prolific producer of bituminous materials, 
which oecur in Connecticut, New York State, New Jersey, Virginia, 
Texas, Colorado, Utah, Kentucky, California and Oklahoma. Other 
sonrees are Barbadoes, Trinidad, Venczuela, Cuba, Mexico, Egypt, Persia, 
Albania, Sicily, Argentine, Hanover, the Rhone Valley and the shores of © 
the Dead Sea. 

, Composition. —Asphaltums arc mixtures of complex compounds built 
up from the elements, earbon, hydrogen, oxygen, sulphur and nitrogen , 
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of which the two former predominate. They may contain, in addition, 
organic salts of iron and aluminium, silica and free carbon. Jt will be 
readily appreciated that the chemical constitution of the compounds 
present in residual pitches obtained from vegetable. oils, coal tar, rosin, 
‘or wool grease, will differ greatly from those either i in the asphaltums or 
in the asphaltic products originating in petroleum. 


Properties 


The order of importance to the varnish maker of bituminous and 
similar materials is, firstly, Gilsonite and natural asphaltums with similar 
properties, thon asphaltic bitumens from petroleum, Manjak, coal-tar 
pitch, and stearine pitch. Other types are used only rarely. Due to 
difficulties consequent upon the recent war, and subsequently, supplies of 
American asphaltums have sometimes been restricted. The better avail- 
ability if Rafaelite has attracted interest in this asphaltum, which is new 
to the trade, and it is predicted that it will permanently replace Gilsonite 
for certain purposes. It is not too imaginative to visualise Rafaclite 
holding pride of place with Gilsonite ultimately, if certain difficulties of 
mi anipulation gan bo overcome. 

Gilsonite-—Gilsonite is a natural asphaltum obtained from Utah. 
Wurtzilite and Niptite occur in the same vicinity. An asphaltmn similar 
to Gilsonite comes from Texas and Colorado. Gilsonite is a brittle 
substance exhibiting a conchoidal fracture. It is a good black with a 
brilliant lustre. It is readily soluble in petroleum hydrocarbons, including 
benzine, white spirit, distillate and paraffin ; in aromatic hydrocarbons, 
coal-tar naphthas, turpentine and similar terpene solvents, chlorinated 
hydrocarbons, carbon disulphide, and treated and. untreated vegetable 
oils, Compatibility with other varnish raw materials is generally good. 
Gilsonite is insoluble in alcohol, and only partly soluble in low boiling 
petroleum ethers. 

The properties of Gilsonite and. other asphaltums can be modified by 
apécial heat treatment. A patented process involves sweating the aa. 
phaltum at abnormal temperatures (370°-400° C.) for three to ten hours. 
This resulis in the production of a residuc with a reduced melting-point 
useful for the manufacture of black varnishes? Heat treatment of 
Gilsonite over the same temperature range is said to increase the fixed 
carbon content from 20-65 por cont.* 

Grehanite.—This asphaltum occurs in Oklahoma and Virginia. It is 
similar to Gilsonite, but harder. When fractured, the surface may be 
bright or dull, according to the position of the specimen in the seam. 
Density asphaltum is also similar to Gilsonite, except that it is harder 
and more opaque. The author has been unable to establish if any rela- 
tionship exists between Grahamite and Density asphaltum. ‘he latter- 
named product is used in fair quantities in this country for the same 
purposes as Gilsonite, for its solubility in varnish components is identical. 
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Rafaelite—Rafaelite is mined in the Argentine. It is distinguished 
from Gilsonite by reason of its greater hardness, higher melting-point, 
colour of streak on porcelain, better opacity and lesser compatibility. 
Tt breaks with a conchoidal fracture and the exposed surfaces have 

excellent lustre. Rafaelite is soluble in aromatic and chlorinated hydro- 
` carbons and carbon disulphide. 10 15 less soluble in turpentine, and even 
legs soluble still in white spirit as evidenced by the high viscosities of the 
resultant solutions. Compatibility with drying oils within limits is 
satisfactory, when care is taken in incorporation, but this aspect is 
elaborated later. Like Gilsonite, Rafaelite is almost completely insoluble 
in ethyl alcohol. | 

Tt contains practically no volatile matter, even at high temperatures, 
Six hours at 525° I. produce only a small fractional percentage loss. At 
25° C. penetration is nil. The sulphur content is approximately 21 per 
eont. 

Its excellent opacity or staining power enables it to be diluted with 
cheaper bituminous materials, such as stearine pitch or blown products, 
or with resins and oils. The exploitation of the introduction of resin or 
oil is a valuable weapon to the formulator, for it assists him to overcome 
certain film defects common to finishes based on asphaltums and pitches. 

_ The water absorption of Rafaelito is claimed to be lower than that of 
other natural asphaltums. Compared with finishes based on Gilsonite, 
those on Bafaelite have similar durability under normal conditions of 
exposure, although there are indications that Gilsonite gives slightly 
better durability under accelerated weathering. Generally, Gilsonite 
films have superior gloss. 

Asphultic Bitumens from Petroleum —-Petroloum bitumens are obtained 
from the asphaltic type of crude petroleum containing cyclic hydrocarbons, 
and occur as the distillation residue. Distillation may be conducted in 
the presenc of steam. Black bitumens with low softening points arc 
obtained by cracking fuel oil residues. In contradistinction to the as- 
phaltic crudes there are the so-called paraffinic crudes, The final products 
from the distillation of paraffinic crudes are lubricating oils and waxes, 
not asphalts. There is a similarity of properties between natural asphal- 
tums and the asphaltic bitumens from petroleum. This has been explained 
by the fact that the natural asphaltums are algo residues, probably derived 
from the evaporation of petroleum. 

Petroleum bitumens are widely used in varnish manufacture. They 
possess the advantage that unlike the natural asphaltums they are avail- 
able in a carefully graduated scale of physical properties, "The following - 
tables are illustrative of this. They vary from soft sticky pastes, almost 
. pourable, to products with melting-points of 120° C. or higher. Products 

"with molting-points up to 210° C. are obtainable. Both melting-point 
and hardness increase with the asphaltene content. Compatibility with 
‘the common varnish solvents, oils and resins, is excellent, and no special 
treatment is necessary for blending. 
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Asphaltie petroleum bitumens are characterised by low ash content 
by comparison with the natural asphaltums. 

Blown asphaltic Bitumens—These are not much used by ‘the varnish 
maker except for special purposes. They are the residues obtained by 
dehydrogenation and polymerisation of petroleum. This is accomplished 
by passing air and steam through at clevated temperatures. They are 
more rubbery, and have less gloss than the unblown products. Their 
compatibility with other varnish ingredients is much inferior, and this is 
especially noticeable in. straight solutions in the common varnish thinners. 
Where they are soluble, excessive amounts of thinners are necessary to 
obtain a solution of workable viscosity. Solubility difficulties have 
prevented the growth of popularity of blown bitumens in spite of their 
useful flexibility. 

"They have good chemical resistance, and solutions of selected blown 
bitumens in chlorinated hydrocarbons have found application in the 
coating of vats subject to chemical attack. 

Colourless, Albino, Light, or Pale Petroleum Bitumens, or Light Petroleum 
Resins —The term “colourless” is misleading, for the best of these 
materials are a deep golden-yellow colour. Most bitumens, natural or 
artificial, and pitches, are much too intensely black to permit their use in. 
media for pigmentation with pigments of delicate shades. Adsorption of 
asphaltenes on agglomerates of carbonaceous matter is said to be the 
cause of the intense colour. Whilst the problem of producing enamels or 
paints in pale tints, based on bituminous products, has not been solved 
satisfactorily, it is possible by tho use of pale bitumens to obtain enamels 
in. colours other than black. ‘Light browns, reds, greens, and dark blues 
‘can be made with ease. Since bituminous paints are used for specific 
purposes, such as for chemical and heat resistance, the pigments most. 
commonly used are umber, sienna, red and yellow iron oxides, chromium 
oxide and titanium oxide. 

Light asphaltic bitumens or petroleum resins can be produced by 
several different methods. The first consists in selecting a certain type 
of erude petroleum and subjecting it to very careful distillation. Pale 
bitumens contain the minimum amount of asphaltenes, An alternative 
method is the removal of colour from a bitumen by a more costly chemical 
treatment. Sulphuric acid or bleaching earths such as fuller’s earth are 
used for this purpose. Another more modern method involves the pro. 
` pane extraction of selected lubricating oil fractions. | 

Asphaltic light bitumens are soluble in petroleum or aromatic hydro- 
carbons and are miscible with vegetable oils and natural resins, 

Manjak—Manjak, munjack, or glance pitch is mined in Barbadoes. 
This type is the one most commonly used in the manufaeture of black 
varnishes. Another grade of higher melting-point occurs in Trinidad. 

~ Manjak is an intense black asphaltum with good staining power. It 
is extremely difficult to dissolve i hot vegetable oils, and although after 
heat treatment a substantial percentage remains undissolved, satisfactory 
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opacity is given by the soluble portion. Straight solutions of Manjak in 
white spirit are not practical. In fact, even after incorporation of the 
Manjak in oil, it is sometimes necessary to bolster up the white spirit 
thinner with aromatic hydrocarbons to obtain stability. Aromatic or 
chlorinated hydrocarbons have much better solvent power for this asphal- 
tum than that possessed by white spirit. 


PROPERTIES OF LIGHT PETROLEUM RESINS. (TII) 


Penetration Vane Melting Pt. C.) 








Description. (25* Q.). (R. and B.. 
Petroleum resin B. 1 (soft grade) . : . 140-100 39 
Petroleum rosin. TE, I (hard grade)... . . . 14-16 53 
Petroloura resin B. 2 (soft grade) . . . 130 30 
Potroloura rosiu IT. 2 (hard grade) — . : . 17 54 
Potrolomn rosin 5. 8 (soft grade) - . . 80-100 44 . 
Poltroleurn resiu H, 3 (hard grade) ` . 20-30 δέ 
Petroleum resin. VS. 3 (vory soft grado) . . 180—200 40 


(By courtesy of Tronnican Pronpverts LTD.) 


Coul-tar Piteh.—Coal-tar pitch is the distillation residue from coal-tar, 
As with other products obtained by distillation, the resultant pitch from 
coal tar varies in properties, according to the efficacy and duration of the 
distillation process. Pitches from different types of coal also vary ap- 
preciably. The yield of pitch from coal tar is proportional to the amount 
of aromatic bodies present. Tars containing large amounts of paraffinic 
bodies yield less pitch than those rich in aromatics. 

Pitches vary in hardness from a soft solid, plastic at ordinary tem- 
perature, to a hard brittle product. 

They have good staining power, which may be attributed in part, at 
loast, to the free carbon they contain. They are easily recognisable by 
their characteristic smell. 

Unless the harder types of pitch are uséd, there is a marked tendeney for 
the ultimate films to exhibit appreciable tackiness—a condition which is 
very inconvenient for normal production methods. The harder pitches 
dissolved in coal-tar naphthas dry rapidly in about one hour fit to handle, 
and quite hard in about three or four hours. 

Coal-tar pitches ‘are incompatible with most common varnish thinners, 
as well as with vegetable oils and resins. Consequently they are rarely 
encountered in varnish compositions containing other ingredients. The 
varnish maker uses them alone as received from the gas works, except, 
perhaps, he may purchase the hard pitch and dissolve it, or he may make 
slight adjustments to the viscosity of the black varnish as received. Coal- 
tar pitch cannot be thinned with petroleum hydrocarbons, turpentine or 
alcohol. Aromatic hydrocarbons are necessary and coal-tar naphtha is 
commonly used. A black varnish or medium suitable for pigmentation 
consists of a solution of coal-tar pitch in benzene to which crude phenol 
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is added. Whenever coal tar or solutions of coal-tar pitch are to be used 
for pigmentation, Stock recommends that they are de-acidified and de- 
hydrated.® 

The following pite shes may be grouped with coal-tar pitch : water gas, 
coke oven, blast furnace and lignite tar pitches. Walther has compared 
coal-tar pitch with high vacuum and air blown bitumens. Coal-tar pitch 
is more susceptible to temperature changes and mechanical shock than 
the other two, but it has better adhesion to iron. Coal-tar pitch shows 
less tendency to form acid oxidation products on exposure, and hence 
corrodes metal less.” 

Stearine Pitches. — These pitches vary in properties depending -upon 
the composition of the parent bodies. They are the residues from the dis- 
tillation by superheated steam of fats, vegetable oils or fatty acids. They 
are soft ductile pitches with melting-points not execeding about 90? C. 
Their primary use, because of their ductility, is to confer elasticity or 
flexibility ou the harder types of asphaltum. Since they are susceptible 
to atmospheric oxidation, they tend to lose their tackiness and harden 
on exposure. Opacity is usually of a very low order. Stearine pitches 
are characterised by their comparatively high saponification and acid 
values. The solubility of pitches from different sources is variable. 
Some varieties dissolve readily in petroleum hydrocarbons. Others are 
much less soluble, 

Other Asphaltums and Pitches—Many other bitumens and pitches 
exist. They have found, however, as yet, but little application in the 
manufacture of film-forming compositions. In a generation where 
progress is rapid, the inclusions of these other types may not be amiss, 
for they may possess just those peculiar properties essential for the eluci- 
dation of a particular formulation problem. 

-Impsonite-—This is a very hard infusible natural asphaltum occurring 
in Oklahoma. It is sometimes used to increase the melting-point and 
opacity of other asphaltums such as Gilsonite. The main reason for its 
lack of popularity is its incompatibility. Tt is insoluble in petroleum 
hydrocarbons and almost insoluble in carbon disulphide. It is incompat- 
ible with vegetable oils. 

Syrian Asphalium. —In the United States of America it is known also 
as Egyptian asphaltum. 

[t is obtained from mines near Damascus, and is a hard black asphal- 
tum fracturing with a glossy surface. Although it is recorded that this 
asphalium is used in durable black japans, only very small quantities in 
aggregate are involved, Solubility in aromatic hydrocarbons like benzene 
is good, but it is only slightly soluble in petroleum hydrocarbons, In 
fact, addition of petroleum hydrocarbon to a benzene solution causes 
precipitation. 

Hilaterite.—Elaterite is described by Movrell as a * pyrobituminous 
asphaltite.” .ft sometimes passes under the name '* Mineral Caoutehouo," 

A sample examined by the Author was a black rubbery solid. | On heating, 
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it demonstrated a tendency to char rather than to melt normally, and 
consequently solutions in solvents are made by cold churning. laterite 
is soluble in aromatic hydrocarbons such as xylol or naphtha, in chlorin- 
ated hydrocarbons, and in turpentine. Tt is only partly soluble in 
petroleum hydroearbons. The films obtained after evaporation of the 
solvent have poor gloss by comparison with natural asphaltums like 
Gilsonite, and covering power is much inferior. laterite films have little 
toughness and are easily marked. This defect may be overcome, in part, 
by admixture with other natural and artificial bitumens, which also 
effects an improvement in gloss. Resistance to heat of claterite is superior 
„to that ot other asphaltums. Durability on ironwork is inferior to that 
of both coul-tar pitches and artificial petroleum bitumens. 

Sadki Asphaltum.—Work has been conducted on this material by 
Zhebrovskii and Vudiu, aud their results indicate that special treatment 
is necessary in order to make satisfactory varnishes. Thus, extraction of 
the crude asphaltite with benzene yields an extract which is compatible 
with oil and is fusible. It gives results similar to those from Gilsonite. 
Alternatively, the crude asphaltite ean be fused with rosin and. coumarone 
resins, and thus rendered soluble in linseed οἱ]. 

Bone Pitch-—When bones are subjected. to dry distillation a distillate 
is obtained known as Dippel’s oil, The residue obtained on the subsequent 
distillation of this oilis bone piteh. Bone pitch is a hard lustrons substance 
of good. black colour and outstanding opacity. It is not used to any large 
extent boenuse of its general incompatibility with varnish constituents. 
Whenever it is used, it is in conjunction with rosin which acts as a solu- 
bilising agent, or with more compatible asphaltums or pitches. Fb is in- 
completely soluble either in petrolenm or aromatic hydrocarbons. 

Wood-tar Ditches.—Vhese are known also as Stockholm, Swedish, 
Pine or Archangel pitches. They are the residues from the distillation of 
wood tar. Generally, they have little opacity, being brownish rather 
than black in colour. They contain both acidic and phenolic bodies and 
aro attacked by alkalies, Durability is poor. 

Rosin Pitch —-This pitch is the residue derived from. the distillation of 
rosin. Tt is & hard brownish material which crumbles easily. Its dur- 
ability is poor, and it is rarely used in varnish compositions. 

Dark Resins —Certain dark resins are available, and although not 
possessing the opacity or blackness of the asphaltums or artificial bitu- 
mens, they ave sometimes used in place of these materials. Very dark 
grades of coumarone or phenol formaldehyde resin are made, and their 
depth of colour is utilised. Oxidised rosin is a dark reddish-brown, 
substance, and being soluble in industrial aleohol, provides the basis for 
some dark spirit stains, 

Modifications Modifications of natural and artificial bitumens are 
made, Such modifications include the introduction of steam into the 
distillation process, oxidation of the non-volatile residues by passing air 
jor oxygen. through the molten mass, the conjoint treatment with steam 
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aud air, the sweating of the bitumen at high temperatures, the addition 
of basie i inorganic substances tio reduce acidity, and the addition of many 
other substances. Of the other substances used, sulphur, compounds of 
sulphur ineluding polysulphides, organic and inorganic peroxides, and 
per acid salts have been suggested? These substances ave incorporated 
at elevated temperatures, at ordinary, increased, or redueed pressure. 


Examination, Testing and Analysis 

When used in varnishes or allied compositions, asphaltums and pitches 
must be tested very carefully. Considerable variation in properties is 
observed in bituminous products from different souroos. 

Fracture —Much information is given by a preliminary visual observa- 
tion of the materials. Manjak, for example, can be readily differentiated 
trom Gilsonite, Density asphaltum, or even the hard artificial bitumens 
from petroleum sources, by the dullness of the surface yielded. on fracture. 
The surface has a crystalline appearance. The Gilsonite types or hard : 
petroleum bitumens yield glossy surfaces on fracture. 

Manjak differs from these other types also in that it fractures much 
more easily, and consequently consists chiefly of relatively small lumps 
and powder. Consignments of Gilsonite and Density asphaltum generally 
contain large pieces with practically no dust. 

Impurities ~A visual observation of Manjak frequently reveals the 
presence of extraneous insoluble mineral matter, Its different colour 
makes it readily detected. The care with which the asphaltum is nined 
influences greatly the amount of impurities presont. | 

Smell.—Asphaltums or pitehes from different sources have character- 
istic smells. The best way to test the smell is to break a piece of the 
material and smell the freshly exposed surfaces. Rafaclite asphaltum 
has an appreciable smell resembling that of organic sulphur compounds, 
but Gilsonite and Density asphaltums have only very weak smells. Tha 
sinells of bone pitch and coal-tar piteh are also distinctive. If tho smell 
obtained by the above method is too weak, it may be accentuated by 
gentle warming. 

Condition—A cluc to the hardness of a bitumen is given by noting ita 
physical condition. If it retains the form of sharp-cdged individual lumps 
it is a hard bitumen of high melting-point. If the lumps havo lost their 
sharp edges and have tended to coalosee, they are softer with corre- 
spondingly lower melting-points. The very soft grades will not com- 
prise lumps, but will have subsided into the shape of the storage 
container. 

Streak on Porcelain —When bitumens aro drawn across a rough porce- 
lain surface*they yield streaks varying in colour from light brown to 
black. Black streaks are given by Manjak, Grahamite, Impsonite, 
Rafaelite, coal-tar, and wool grease pitches. Brown streaks are given by 
Gilsonité and pitches derived from whale oil, cottonseed oil, tallow and 
"lard. Bermudez asphaltum and palm oll pitch gives streaks of inter- 
. mediate colour. 
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Heat Test. —A simple test which enables Gilsonite to be distinguished 
from similar but harder grades of asphaltum consists in suddenly apply- 
ing heat to a small specimen by introducing it into a bunsen flame. 
Gilsonite melts gently but the harder grades fracture and splinter before 
fusing. 


Solubility 


In Thinners—From the point of view of the varnish maker the solu- 
bility of bituminous materials is of primary importance. Of all the 
solvents with which these materials will be used, a solubility test based on 
white spirit is the most searching. 

The material under examination is fused by heating, and then thinned 
with a definite amount of white spirit. Since considerable difficulty may 
be experienced in thinning asphaltums with high melting-points, due to 
chilling, solution may be effected by cold churning or by refluxing. In 
comparing asphaltums the harder grades yield solutions of higher vis- 
cosity than the softer grades, for the same amounts of thinner. Very 
hard grades with indifferent solubility in white spirit often give solutions 
which, on cooling, set to firm gels even with increased amounts of thinners. 

' Asphadtums which require excessive amounts of thinners to obtain solu- 
tions of normal working viscosity may þe rejected as unsatisfactory 
because of reduced film thickness. The tendency of an asphaltwm solu- 
tion to gel on cooling is not always immediately apparent. Frequently, 
gelation requires several days. Hence premature decisions may be 
erroneous. Solution of most types of asphaltum and pitch in petroleum 
hydrocarbons, show at least some tendency to stouten on ageing. Pro- 
viding this is not excessive it may be disregarded, and this particular 
defect is generally accepted ag unavoidable. Such stoutening necessitates 
the readjustment of viscosity of solutions before they are sent to the 
customer, if they have been in storage more than a few weeks. Tho 
harder tho asphaltum or pitch the greater the tendency to stouten on 
ageing. ‘This phenomenon may be illustrated by the viscosity figures of 
a solution of Rafaelite in petroleum hydrocarbon, Rafaclite may be 
regarded as à hard asphaltum. 


Viscosity of solution initially . . e. . 23 sees. 
Viscosity of solution after 7 days , . . . 42 sees. 
(Viscosities were determined at 25° C., using a Ford cnp viscometer.) 


Aromatic hydrocarbons are much better solvents for asphaltums and 
pitches than petrolewm hydrocarbons. They yield solutions of lower 
viscosity for a given amount of solvent, with less tendency of gelation 
or stontening. It is not always possible to use an aromatic hydrocarbon 
as the sole solvent in black lacquers, ete., because of its pronounced 
lifting power for films over which it is applied. For this reason, white 
spirit is the best thinner to use. Blends of white spirit with coal-tar 
naphthas can be used with advantage if the ratio of the component 
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thinners is carefully adjusted. As in many other examples included 
elsewhere, butyl alcohol, even in small percentages, is very effective in 
reducing tho viscosity of asphalium solutions. Other good solvents for 
asphaltums are the chlorinated hydrocarbons, turpentine and. carbon 
disulphide, although the latter finds application only in analytical pro- 
cesses in the laboratory. 

Tustability of solution is shown sometimes by a complete or partial 
separation of the asphaltum, The asphaltum collects as a stiff jelly at 
the bottom of the container with x thin supernatant liquid. "This liquid 
may contain enough asphaltwm in solution to colour’ it, and a casual 
observation can cercate a false impression of solubility. 

Some asphaltums, such as Manjak, are, practically insoluble in white 
spirit and need special treatment to produce black compositions from them. 

In Vegetable Oils.—ln evaluating au asphaltum for use in products in 
conjunction with drying oils, its solubility in these oils must be critically 
examined. Petroleum asphaltums and natural asphaltums of the Gil. 
sonite type dissolve readily by simple heat treatment irrespective of the 
ratio of oil to asphaltum. The two ingredients are heated to temperatures 
around. 250° C., stirred until homogeneous, and the mixture cooled and 
thinned. No special cave is necessary. The asphaltum may be fused 
first and the oil added gradually or the asphaltum may be fed into the 
hot oil. The former method is the more popular. The harder the agphal- 
tum the stiffer the gel provided by the asphaltum-oil mixture, aud the 
greater the quantity of thinner necessary to reduce it to workable vis- 
cosity. With oil present the tondency to stouten or gel on storing is 
still apparent. Unstable solutions may deposit a sludge of insoluble 
asphaltum. 

Asphaltums like Manjak and Rafaclite need special treatment to 
effect solution in drying oils. Manjak is very difficultly soluble. A sobu- 
tion of it is obtained by first heating it with part of the oil only to 
290°-300° C. It chars very readily and the blend must be kept stirred 
continually. The constant movement of the mass also helps the Manjak 
to dissolve. Further amounts of hot oil may be added on a good fire, 
maintaining the temperature at 200°~300° C. The beating and stirring 
is continued until all the soluble part of the asphaltum has gone into 
solution. 

Manjak is rarely used alone ås a solution in solvent. Whenever it is 
encountered, oil is generally present also, 

, Rafaelite needs similar heat treatment to incorporate it in drying oils. 
The cooking process is not so long and tedious as with Manjak, but the 
ratio of oil to asphaltum is limited. "he most satisfactory method of 
incorporation is to heat the Rafaelite to 290°-300° C., and to add the oil 
previously heated to 250° C. in small amounts at a time, avoiding sub- 
stantial reduction in temperature. If the oil has been correctly incor- 
porated, a smooth pill should be obtained, in contrast with a seedy pill 
when solution is incomplete, A preliminary heat treatment of Manjak 
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or Rafaelite with an acidic resin such as rosin or run Congo at 300° C. for 
fifteen minutes, appreciably facilitates the subsequent incorporation of 
.oil. Moreover, the presence of an acidie resin contributes to a marked 
degree to the stability of the resultant varnish. 

Thus in testing asphaltums for solubility different methods must be 
used to accommodate the various types. 

Insoluble Matter.— When examining for solubility, the percentage of 
insoluble material should be determined simultaneously. With petroleum 
asphaltums, Gilsonite, Rafaelite and Density asphaltum, the amount 
insoluble should be very low, and is generally negligible. With Manjak, 
however, considerable amounts remain undissolved, and these often vary 
in magnitude with different consignments. The amount of material 
insoluble in white spirit and/or oil is important, and manifests itself in 
several directions. The varnish maker is buying raw material which is 
valueless, and since the opacity of the final product is governed by the 
quantity of ayphaltum in solution, this suffers also. For all but the first- 
class finishes, products based on Gilsonite or Rafaclite dissolve almost 
completely, and normally need no cleansing by centrifuging. Abnormal 
amounts of insoluble matter in these asphaltums would necessitate 
cleansing. Finishes containing Manjak contain so much insoluble matter 
that centrifuging is always essential, The difference between Manjaks is 
that in some there is so much matter undissolved that more frequent 
cleaning of the centrifuge bowl is necessary, which means a reduction in 
through-put. 

The solutions obtained in white spirit or drying oil are flowed on to 
glass. A careful examination of the film by looking both directly at it 
and through it, reveals the presence of fine matter in suspension. Ap- 
plication of thick films should be avoided since they mask the presence of 
suspended matter. 

The insoluble matter in suspension is often in such a finely divided 
form that it is impossible to remove it by centrifuging. This necessitates 
filtering, and may prove a serious disadvantage. An ash determination 
is a useful guide to the amount of insoluble mineral or other extrancous 
mutter present. 

Opacity-—Since most finishing compositions based on asphaltums or 
pitches rely solely on the presence of these materials for their opacity, 
this property should be the subject of test also. The comparative opa- 
cities of asphaltims can be determined by examining similarly constituted 
films on glass against a strong light. 

Gloss.—In assessing asphaltums or pitches for gloss they should be 
judged by their performance i in the precise finishes for which they will be 
used ultimately. Furthermore, they should be driefl under the same con- 
ditions which they will encounter in use, thus black japans and Brunswick 
blacks would be air dried, and cycle enamels or insulating varnishes stoved. 

Melting-Point.—Meiting-point is a useful distinguishing constant. 
Asphaliams and pitches have no sharp melting-points. The melting 
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range is comparatively large, extending from initial softening to completo 
fluidity. A record of these two limits provides valuable information on 
the thermoplastic behaviour of the film, besides providing information on 
the possibility of thinning with certain solvents, and the minimum per- 
missible temperature for thinning. 
Many methods have been used for the determination of melting-points. 
The ring and- ball method is the most popular, and consists in recording 
the temperature at which a steel ball falls through a ring, the aperture of 
which is plugged with the asphaltum. Other methods involve the use of 
mercury which is supported on the surface of the asphalbum. As the 
temperature is increased the asphaltum softens, and the temperature is 
recorded when the mercury subsides into the molten mass, or percolates 
through it until it runs away at the bottom. In one method the asphal- 
tum forms a solid plug in the bottom of an open glass tube and a definite 
volume of mercury is held above it. The method due to Kramer and 
Sarnow is based on this principle. In another method (Schenk zu 
Schweinsberg) the mercury is supported by powdered asphaltum in a 
bent tapered glass tube. Mabery and Gieplein record the temperature 
when a specimen of asphalium, projecting over the edge of a supporting 
_ platform, loses shape and flows from the platform. The heating of the 
specimen is derived from the surrounding air bath. Kovacs fills a metal 
cup with the asphaltum and records the temperature at which it flows 
through a small aperture in the base of the cup. Another method 
(French) consists in filling vertical tubes with powdered asphaltum. A 
weighted piston rests in the tube on the top of the asphaltum, and the 
temperature is taken when. the piston falls, due to the contraction of the 
powder on melting. 

The simple procedure of heating two pounds or so of asphaltum i ina 
small varnish pot until quite. molten, allowing it to cool, sud noting the 
minimum temperature at which easy thinning is possible, is a useful and 
practical test. Tho temperature at which stirring of the mass is just 
possible may be determined also. 

Hardness —Hardness is determined by means of a penetrating machine 
or needle penetrometer. Results are based on the distance a needle 
penetrates vertically into a sample, mder a standard load, in a given 
time, under specificd conditions of temperaturc. Using an apparatus of 
this type, and conducting determinations at different temperatures, in- 
formation is obtained on the relation between temperature and softening. 
Another method of assessing hardness consists in forcing a cireular plunger 
through a specimen at a uniform rato. "Phe weight necossary to accom. 
plish this forms the basis of hardness comparisons. 

Ductitity—Asphaliums or pitches have a pronounced tendency to 
‘exhibit brittleness at normal or lower temperatures, or to fracture on 
sudden impact. These properties are involved in bending tests for 
flexibility. Further information may be derived from tests for ductility. 
A test has been devised in which prisms of standard dimensions are sub- 
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jected to a longitudinal stress, The percentage elongation before breaking 
is taken ag a measure of ductility. ‘Determinations may be done at any 
convenient temperature. The standard method of the Institute of 
Petroleum involves the use of a test piece, dumb-bell shaped, of 1 sq. em. 
cross-sectional area. In this instance the ductility is recorded as the 
elongation in em. at the breaking point. 

Chemical and Electrical Tests —When asphaltums are to be used for 
certain purposes, special tests have to be carried out. These include 
tests for acid and alkali resistance, and for dielectric strength. 

Durability —Accelerated weathering tests have been devised, and one 
due to Strieter and Suoke consists in subjecting the film to are light and 
water immersion alternately. The extent of degradation is followed by an 
examination of the wash water. The action of atmospheric oxygen in the 
presence of light promotes the formation of ketonic anct.acidie compounds. 

Adhesion. Goldman has suggested a method of determining the 
adhesion, of asphaltums and pitches to surfaces. When they arc usod 
alone as simple solutions it should provide useful information. Molten 
cups of the unthinned asphaltum are placed on the surface and allowed 
to cool. The force necessary to detach the cup from the surface is a 
measure of the adhesion. The maximum adhesion it is possible to measure 
by this method is limited by the tensile strength of the asphaltum.™ 

Analysis.—Fhese materials are so complex chemically, and they 
possess such inconvenient physical properties that their chemical analysis 
or the performance of distinguishing tests is extremely difficult. Often 
the results are inconclusive. Some simple tests, however, do yield useful 
information sometimes. One valuable test for differentiating between 
natural or artificial bitumens and coal-tar pitch exploits a difference in 
soluhi ity. 

Solubility in Solvents.—The addition of petroleum benzine to a chloro- 
form solution causes precipitation with coal-tar pitch but not with natural 
or artificial bitumen. Ju a method due to Kovacs and Sotet the bitumen 
is extracted with carbon: disulphide. The resultant solution is poured .~ 
into an cxcoss of turpentine. When coal-tar pitch is present a light brown 
precipitate separates. No precipitate is obtained from a pure natural ov 
artificial asphaltum solution. If desired the original carbon disulphide 
solution may be diluted with a large excess of "absolute alcohol. The 
type of precipitate deposited furnishes the means of distinguishing between, 
coal-tar pitch, natural asphaltum and petroleum asphaltums. The 
former yields a brown precipitate and the latter a fine black flocculent 
precipitate, whilst the natural asphaltum provides a black sticky mass. 

"The table on the following page shows the wide variation of the effect 
of white spirit upon the many types of asphaltums. 

The malthenes or petrolenes of asphaltums are soluble in petroleum 
hydrocarbons but the asphaltenes are not. 

A method of qualitative aualysis of natural and. artificial asphaltums 
and pitches, due to Heuber, involves solvent extraction in conjunction 
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with microscopic examination, A spot test is conducted with the follow- 
ing solvents: isopropyl alcohol, acetone, petroleum. ether and carbon 
tetrachlovide, in this order. It is claimed that differences in the speed of 
migration from the spot, as revealed by microscopic examination, provide 
clues to the identities of tho asphaltums and pitches.” 


Asphaltum or Pitch. Solubility in 
White Spirit. 
Gilsonite 
Donsity asphaltum 
Rafaelite Soluble. 


Artificial petroleum asphaltums 
Wool grease pitch 
Stearine piteh 


Drying and semi-drying ail pitches 
Bone pitch Partly soluble. 
DBlown artificial petroleum asphaltums 


Manjak l 
Cottonseed pitch "aput 
Coal-tar pitch Insoluble. 
Wood-tar piteb J 


Stain Number —The stain number of asphalts is used to conmpare 
products from different sources. The asphaltum is placed between paper 
pads comprising many sheets of paper each. A given load is applied 
while the temperature is maintained at 130° F. Oil is exuded and the 
stain number is computed from the number of sheets discoloured by it. 

Effect of Sulphuric Acid—The effect of fuming sulphuric acid on 
asphaltums and pitches produces characteristic results with different 
materials. The Durand-Clayé reaction involves the preparation of a 
solution of the specimen in carbon disulphide which is evaporated to 
dryness. Five c.c. of fuming sulphuric acid is added to 0-1 g. of the 
extract, the whole left twenty-four hours, diluted with 10 e.c, of water 
and filtered. The filtrate is diluted further with 85 c.c, water. The 
results obtained by Meinecke from this test are tabulated below : 


Asphulfiun or Pitch, Colour of Diluted Piltrate. 
Coal-tar pitch. Black and opaque. 
Brown coal-tar pitch. Dark brown, 
Amorican asphaltum, Pale yellow-brown. 
Syrian asphaltum, . Yellow-brown 

' 'Erinidad asphaltum. Yollow-brown. 


An alternative method, due to Meinecke, consists in examining theo 
supernatant liquid after shaking 0-1 g. of ash-free asphaltum, ete., with 
10 c.c, fuming sulphuric acid. 


Asphaltum or Pitch. Colour of Supernatant Liquid. 
Coal-tar pitch. Groyish-black with green streaks, 
Brown coal-tar pitch. Grey, inclining to brown, 
American asphaltum. Brown, running into grey. 
Syrian asphalturm. Brown. 


Trinidad aspha]tum. Brown, 
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Unsulphonated Residue.—Chureh * evolved a method whereby the 
distillate (b.pt. 315-356? C.), obtained by heating the asphaltum ov pitch, 
is sulphonated with sulphurie acid at 100? C. The percentage of unsul- 
phonated residue indicates the type of substance under examination. 


Asphaltum or Pitch. Percentage of. Unsulphonated 
Residue. 
Mexican petroleum asphaltum . . 86 
Gilsonite . . . ες τον . 88 
Wood-tar pitch  . . . . . 9 
Fatty acid pitches. . . . . 0 


Saponifiable Matter—Depending upon the origin, variations in the 
amount of saponifiable matter arise. The following are completely, 
or almost completely, unsaponifiable: Gilsonite, Density asphaltum, 
Rafaelite, Manjak, artificial petroleum asphaltums, wood-tar pitch and 
coal-tar pitch. Types yielding substantial saponifiable matter arc bone 
pitch, wool grease pitch and the stearine pitches. 

Sulphur.—Of the elements which oceur in asphaltums and pitches, 
sulphur is the only one which is normally of any interest to the varnish 
maker. Many methods of estimation involving fusion have been sug- - 
gested, but these are. open to the objection of possible inaccuracy due to 
volatilisation. One of the soundest methods is combustion in a current 
of oxygen. he products of combustion are absorbed by diute caustic 
soda, whieh i is subsequently titrated. 


Properties 


Asphaltums and pitches perform the réle of a resin or of a resin-oil 
mixture, The hard types with high melting-points behave as resins, 
and the softer types with lower melting-points as resin-oil mixtures. 

All possess some degree of opacity, and for this reason they permit the 
formulation of black enamels without the addition of pigment. 

Most of these materials are chemically inert. They show no tendency 
to attack metallic surfaces on which they are applied, or any tendency to 
be attacked by corrosive chemicals whether acid or alkali. Stearine 
pitches and similar pitches from vegetable sources are, however, suscept- 
ible to attack by chemical reagents by reason of their composition. 

Asphaltums: and pitches retain their gloss at high temperatures. 
Except for. the few little used acidic types of pitches, pigments may be 
incorporated without regard for basicity. 

They have excellent water resistance, and coal-tar pitches are claimed 
to be outstanding in this respect.? Bituminous products also possess 
good electrical properties, and this may be attributed in part, at least, to 
their excellent water resistance. 

Durability is variable, depending upon the source af the asphaltum 
or pitch, but it can be improved often by the addition of mineral fillers.. 
Strieter points out that the effectiveness is governed both by the size and 
type of filler. 


427 


Varnish Constituents 


Defects 


` Incompatibility —Asphaltums and pitches possess many defects which 
the ingenuity of the formulator has to overcome. Of these, the most 
important is probably their limited compatibility, and this, as elaborated 
elsewhere, varies with the source of the bituminous material. Even the 
most compatible types do not blend well with alkyds, pure phenol for- 
maldehyde and urea formaldehyde resins, or chlorinated rubber. With 
chlorinated rubber, for example, adhesion is lost. Mixtures of bitumen 
and alkyd ave deceptive. Initially, apparently perfect compatibility may 
be effected, but subsequent storage may result in complete separation. 
Blends with alkyds, therefore, should be studied carefully before em- 
barking on large scale production, Unsatisfactory compatibility is also 
demonstrated wheu attempts are made to tint a varnish, by dissolving 
bitumen directly into it by warming. ‘Due to the presence of thinner tho 
temperature of solution cannot be raised much above about 120° C., and 
the bitumen has a tendeney to break into small pieces only, without dis- 
appearing completely into solution, The only safe method of tinting is 
to add a previously prepared solution of bitnmen to the vamish. Under 
these conditions it disperses satisfactorily. 

Antioxidant Effect. —Asphaltums and pitches seriously iuterfero with 
the normal drying process of substances which dey by atmospheric oxida- 
tion. This makes the formulation of quick drying medium or long oil 
compositions containing them very difficult. The addition of as little 
as 5 per cent of asphaltum calculated on the other non-volatile constituents 
of the finish is often sufficient to delay the drying time by hours. The 
methods which are usually adopted to overcome this defect are to keep 
the content of asphaltum to a minimum, to subject it to a sweating 
process before incorporating the other ingredients, in order to distill off 
any volatile matter, to increase the proportion of good drying oil like tung 
oil at the expense of linseed. oil, and te increase the amount of driers. 

The amount of driers used in black air-drying finishes based on asphal- 
tum is substantially greater than that in straight oleoresinous finishes. 
Lead drier is added in a predominating amount and manganese often 
exerts a surprising influence with this type of product. Cobalt is added 
also. The drying properties of black varnishes sometinies improve on 
ageing. 

The antioxidant effect of bituminous substances onn be exploited in 
stoving finishes which are prone to rivel,.if colour is unimportant. One 
per cont of asphaltum, added to a copal stoving varnish with a slight 
rivolling tendency, completely eliminates it. 

Gloss.—Asplialtuma. and pitches do not permit pigmentation without 
substantial loss of gloss. This is much more evident than with oleo- 
resinous varnishes, Where gloss must be retained resins are added, 


Where pigmented bituminous compositions are used as undercoatings, . 
loss of gloss is unimportant. 
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Staining Power—Their strong staining power prevents their use in 
media for pigmentation with almost every pigment except black. Pale 
artificial petroleum bitumens, wood tar, or rosin pitches are pale enough 
for pigmentation with red, green, blue and brown pigments. 

Bleeding —By reason of their inertness most bituminous materials do 
not change fundamentally on exposure. Their initial solubility remains 
unaltered. This means that subsequent application of finishes over them 
containing mutual solvents, results in immediate attack and bleeding 
occurs. Black japans, for example, must. be so formulated, that when 
varnishes are applied over them, the film resists attack. In cases where 
attack occurs the varnish assumes a greenish fluorescent appearance, 

Solvent Retention Another defect is that of solvent retention, With 
air-drying bituminous finishes this phenomenon is very apparent. 

T'hermoplasticity.—Asphaltums and pitches are thermoplastic. Flot 
films which are sticky permit the adhesion of extraneous matter carried 
in the air, which causes unsightliness. : 


Application 


lompositions derived from asphaltums and pitches are applied in a 
wide variety of ways. They may be brushed on or applied by coating 
machine. They may be sprayed at ordinary or elevated temperatures. 
The latter method of spraying is becoming more popular. Finishes which 
are very viscous at ordinary temperatures are warmed until they are 
reduced to spraying viscosity. Hot spraying methods have the advantages 
that loss of volatile matter is minimised, and what is probably more im- 
portant is the fact that heavy films can he applied without risk of flow 
troubles. This latter advantage means that the result obtained by two 
ordinary spray coats is yielded by one coat only. Some metals, partiou- 
larly when fabricated in certain forms, aro difficult to coat with con- 
tinuous films because of the tendency of the liqnid film to “run away.” 
Hot spraying minimises this tendency. 

When application is made by dipping this is also conducted at ordinary 
or elevated temperatures, Hot dipping offers the same advantages as 
hot spraying. After immersion iu the hot composition, the article is 
withdrawn and the excess removed by vigorous agitation. Pipes and 
other ironwork are coated by immersion in hot liquid bitumen. As soon 
as they have cooled to room temperature the bitumen sets hard. The 
articles to be coated may be heated before dipping, to avoid chilling of 
the hot material in the dipping tank. The addition of small amounts of, 
rosin or vegetable oil greatly reduce the viscosity of the molten bitumen. 


Uses 


By reason of their cheapness and for other reasons, asphaltums and 
pitehes have found application in compositions and varnislies for many 
purposes, 

Simple mixtures of natural asphalüuns and rosin form the basis of 
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Brunswick blacks, chassis blacks, and black lacquers for all kinds of iron- 
work. With carbon or vegetable black, Berlin blacks are obtained. 
Black japans, which are an improved form of Brunswick black, contain 
drying oil in addition to asphaltum and rosin or other resins. 

Their property of water resistance is exploited in many waterproofing > 
compositions. Digby records that for submerged objects they give up to 
ten times the protection of other paints." 

In this respect Kindscher suggests a combination of bitumen and 
chlorinated rubber. In view of the uncertain compatibility of theso 
materials, however, they should be carefully chosen.!* 

Coal-tar pitch is Said to be one of the best known waterproofing 
agents, and it is not surprising that it figures prominently in many 
` formule, Bituminous compositions are used to prevent the swelling of 
wood. The bitumen may be plasticised with vegetable oils or their 
fatty acids as desired. Blends of coal-tar pitch and blown asphaltum are 
used to protect pipe lines against water. A primer with good adhesion 
for iron and steel, designed for nse under coal-tar products, contains 
Gilsonite, another asphaltum, stearine pitch, fish oil and thinnors.!5 
Asphaltum compositions are used on concrete to prevent ingress or 
deterioration by sea-water. The composition is applied hot by vacuum 
impregnation. 1? 

For the protection of buildings, Platzmann enumerates tho following 
characteristics as being essential in a bitumen. Paraffin and naphthalene 
contents should be as low as possible. Tendency to crack or flow in the 
temperature range normally encountered should be absent. The bitumen 
should be at least almost completely soluble in carbon disulphide, and 
should have à volatile content when heated at 160° C. for five hours, of 
not more than 0-5 per cent.2¢ Furthermore, the chemical inertness of 
bituminous products makes them particularly suitable for use on conerete 
or cement. When the plasticising constituent is a drying oil, this should 
be kept to a minimum, since it is the weakest part of the mixture for alkali 
resistance. 

A waterproofing process for walls consists in first applying a mixture 
of coal-tar pitch and asbestos fibres. Over this is placed a layer of bitu- 
minised felt followed by a further coating of the pitch and asbestos. 
Another application is for asphalt shingles. Stiff asphaltum-asbostos 
fibre plastics are nsed to stop cracks on roofs, valley gutters, ete. Another 
type of roofing compound consists of three parts of asphaltum and one 
part of oil-free mineral oil wax dissolved in a petroleum distillate.?? 

Varnishes based on. bitumens are used as waterproofing finishes for 
tarpaulins, although for this, boiled linseed oil pigmented with vegetable 
black is still very popular, 

A waterproofing composition for general use is made from a blend of 
coal tar, raw rubber, lead acotate, and slaked lime, the whole being 
. &djusted for viscosity as required ly the addition of thinners.3 Consider- 

able quantities of artificial bitumens from petroleum. are used for i impreg- 
hating paper and fabric to confer waterproofness. 
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The intoriors of ivon water tanks are often protected with bituminous 
coatings, and concrete reservoirs are protected similarly. With the latter, 
either the composition itself fulfils the function of water retardant, or it 
acts as an intermediate coating between layers of bituminised felt. 

The waterprootness and general impermeability of asphaltums and 
pitches prompts their choice for anti-corrosive paints for iron or steclwork. 
Corrosion of steel, according to Kindscher, depends upon several factors, 
among which may be included the type of immersion whether intermittent 
or continuous, the effect of the motion of the water, the abrasive action of 
sand, the growth of organisms and the composition of the water. Asphal- 
tums chosen, therefore, for the protection of steel must withstand all these 
influences, and in addition musi be resistant to atmospheric oxidation, 
possess good adhesion, and be effected as little ag possible by sudden 
temperature changes. Carefully selected bituminous materials fulfil all 
these functions satisfactorily. 

tood protection against corrosion for Russian oil pipe lines was given 
by bituminous products containing fillers such as tale and ashbestos,25 
Another composition for pipes consists of a blend of raw or oxidised 
artificial petroleum bitumen with a solution of paraffin wax in spindle oil. 
The paraffin wax solution can be substituted by petroleum jelly, and 
powdered asbestos may be added also.2® Processes have been deseribed 
for the protection of pipes, wherein the pipe is covered with successive 
layers of bitumen and sheet fibrous material. ‘The introduction of leafing 
pigments like graphite or aluminium greatly increases the imperviousness 
of bitumen filins, and consequently their anti-corrosive properties. 

In spite of the excellent water resistance of coal-tar pitch Van der 
Veen condemns its efficacy, when unmodified, on pipes im ageressive soils. 
lie emphasises the importance of non-porous continuous films, and 
suggests that film porosity can be determined electrically,” 

Natural or artificial bitumens, by reason of their low acidity, form 
very satisfactory media for metallic paints. Since the essential proper- 
ties vary appreciably, each bitumen should be tested carefully for suit- 
ability. "The lustre and general appearance of the film depond also on 
the aluminium powder, which may vary considerably for leafing proper- 
ties, "There is a tendency for the natural dark colours of the bitumens to 
upset the brilliant metallic lustre of the aluminium flakes, but this can be 
redueed by selecting a pale or light bitumen. Not only does tho introduc. 
tion of aluminium powder increase the water resistance as indicated 
already, but it confers chemical resistance also. Good resistance to hydro- 
chloric acid gas, and steam charged with phosphoric acid, has been 
roported.?9 Heat reflecting surfaces for roofs are made by applying a 
bituminous varnish, and whilst it is still in the tacky state, aluminium 
powder is dusted on or sprayed on as a dispersion of aluminium paste in 
petroleum hydrocarbon. . 

Because of their non-drying and thermoplastic properties asphaltums 
and pitches make valuable adbesives. The harder grades may be softened 
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by the addition of softer grades, mineral and vegetable oils, rosin oil, etc. 
Adhesives are used by applying the composition to the surface, cither as 
a cold solution containing thinners, or as a hot liquid free from volatile 
material. With the former it is necessary to allow the thinners to evap- 
orate before a tacky state is reached. With the latter the adhesive may 
lose its tackiness on cooling so that rapid application of the second surface 
is neceasary before this occurs. Alternatively, the adhesive is designed 
to remain sticky at room temperature. Another method of using a 
bituminous adhesive in which use is made of its thermoplasticity consists 
‘in applying a heavy coating to the two surfaces to be joined. The films 
are allowed to dry, heated to reproduce stickiness and, whilst in this state, 
pressed together. On cooling, the two surfaces are firmly cemented. An 
adhesive for fixing bituminised sheets to surfaces consists of hard oxidised 
bitumen, fifty parta, white spirit or naphtha, forty-five parts, and creosote, 
five parts.4° Bitumens figure prominently in black mica sticking varnishes. 

For high temperature black stoving enamels for motor car wings, 
eycle frames, and. accessories, natural agphaltums are unsurpassed. The. 
high stoving temperatures used, 4007-500? E., give exceptionally hard 
glossy adherent films. Gloss retention of the asphaltums a elevated 
temperatures makes this possible. 

Asphaltums and pitches have good heat resistance and form the basis 
of many paints and lacquers for smoke stacks, boilers, exhaust pipes and 
radiators. With chlorinated diphenyls they are incorporated in fire 
resisting compositions of which the following are examples: blown 
asphalt, three parts, is mixed with montan wax, one part, and chlorinated 
diphenyl, six parts; Mexican asphalt or stearine pitch, four parts, is 
mixed with chlorinated diphenyl, six parts; or a blend of Gilsonite and 
montan wax, four parts, js mixed with six parts of chlorinated diphenyl.” 

Good electrical insulating properties have prompted their incorpora- 
tion in every type of black insulating varnish, whether for the production 
of Empire insulating cloths or for the impregnation. of coils, rotors or 
transformers. Other electrical uses are as sealers for accumulators aud 
condensers, 

A solution of bitumen in paraffin. with some resin is wsed as a bindor 
for sand in foundry cores.*? 

Another interesting application is in the production of sound deadening 
spraying compositions for motor car bodies. A typical example com- 
prises Gilsonite, eleven parts, petroleum asphaltum, twenty-three parts, 
linseed oil, two parts, agalite, fifteen! parts, long (ibred asbestos, fifteen 
parts, and naphtha, thirty-four parts? 

Other uses include the manufacture of binders for coal briquettes, 
printing and photogravure inks, and as modifying agents for rubber. 

Much interest has been aroused lately in the production of bituminous 

emulsions, the bulk of which has been absorbed in camouflage paints for 
spraying. Apartfrom obvionsadvantages such as saving of volatile thinners, 
emulsions are useful in that they may be applied directly to damp surfaces. 


432 


Asphaltums and Pitches 
CONSTANTS OF ASPHALTUMS AND PITCHES 





Asphaltum ov Pitch. ο. 8.G. % Ash. svi, 
Gilsonile . . . 135°-205° 1-044—1-076 0-75 
(142° Q.)* 
Manjak— 
Barbadoes . . . . 1485" 1.10--1 «15 3-0 0-8 
(1207-175?) 
Trinidad . . . 220° 
Origin unknown . . 1085 114 0:1 
Syrian asphaltum . . 120? 111 0:01 6-0 
Ímpsonito  . . » | does not molt, 1-10-1:25 
Grahainite , : 1705-415 118-120 
Colombian asphaltum : 135^ 
Rafaelite . . . | 180° {176° ©.)* j 1:10 0-2 | 293 
Rosin piteh . . . 70° 
Bone piteh . . . 70°--100° 
(98° C.)* 
Wood-tar piteh . . 190° 0-0 
Petroleum asphaltic 
Bitumens— 
Californian . , 405-106". 1.06 1:05 -- - 
Trinidad. . . ü5^-100? 1:00 0-18 24 
Mexican . . . 60°-120° 1.01 0:05 -|- 4.0 
Stearine pitehes-— 
Lard pitch . . 46? 1-00 
Tallow pitch . . 85° 1-06 
Wool groase pitch . . 30?—395? , 102 60 
Whale oil piteh . . 38? 1:05 
Cottonseed pitch , : 30° 0-95 
Palm oil pitch ᾿ . 75° 1-03 
Coal-tar pitch . . 357-175? 1.25 0-3 
variable T 
Lignite piteh . . 805 21 








Authority : : Morrell, Varnishes and their Components,” and other sources, 


* Boll and ring determinations on current supplies, 
{ Conunoreially available products rarely possess melting-poiuts above 105? C. 


Other Petroleum Products 


The products for consideration are the linseed oil or linseed oil-resin 
substitutes, which are known under the names lirmagral l and 2 and 
Tranolin, Firnagral d was produced originally in Germany.  Firnagrals 
2 and FL are produced in this country. Tranolin is a product of the 
Anglo-Iranian Oil Co. Ltd. 

All these materials are dark brown viscous oils, and thus. cannot be . 
used with light colours, although they have good wetting and dispersing . 
properties. Very little information has been published concerning their 
methods of production. It is believed that Firnagral is derived from the 
oxidisable portion of crude petroleum, and consists of aromatic cyclic , 
hydrocarbons. Iranolin is also aromatic in character. 

Although these materials are stable, the addition of cobalt drier causes. 
drying to occur. Cobalt is preferable to lead and manganese for this 
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purpose. By comparison with linseed oil the dry is slower. ‘Twenty-four 
hours or more are necessary to attain the hard dry state. 

Both Firnagral and Iranolin show up best in mixtures with vegetable 
drying oils and resins, when more rapid drying is attained. 

Compatibility is good. Satisfactory blends are made with treated 
and untreated vegetable oils, mineral oils, natural resins such as run 
Congo and rosin, and with other resins such as phenol formaldehyde 
resins, alkyds and rosin ester. Tranolin is claimed to dissolve rubber, 
and Firnagral has been suggested as a plasticiser for chlorinated rubber. 

The chemical resistance of l'irnagral and Tranolin is good, and. their 
use in compositions for concrete and cement is indicated. Water imper- 
meability and durability are good also, and both products form the basis 
of auti-corrosive paints for iron and steel. T'irnagral can replace liuseed 
oil in putty, and in this respect small additions of chlorinated rubber are 
advantageous. 34 It may also replace rosin oil in news inks. 








Firnagral FL. Firnagral 2. Tranolin. 
Specific gravity — . . 1-026 0-94.05 (60° C Lois 
Viscosity . ` . | 7450 (Redwood 526 sees. (Red. 85 conti- 
J] at 60° C.) wood 1 at 60" C.) | poises (191? C.) 
Boiling range . . 3407—100? C. 
(10 mm.) 
Tlash-point . . . 420° P, 
Refraetivo iudex . . 1:5410 (50? C.) 
Ash. - 0-026 ος 
Acid value (as acetic acid) 0:267 95 
Sulphur content =. - 0-79 ος 
Todine value . . . 52 
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CHAPTER 13 
WAXES 


A CHAPTER devoted to waxes, in à volume of this typo, may appear, at 
first sight, to be unnecessary. Although waxes are not used in substantial 
quantities in varnish manufacture, by comparison with other raw materials, 
their inclusion is essential to obtain certain effects. Furthermore, there 
has been a certain amount of overlapping into the wax polish trade. 

For convenience, waxes will be considered under two heads only, 
natural and synthetic. In the section devoted to natural waxes will be 
ineluded all waxes derived from natural sources, even if they receive 
considerable process treatment. Synthetic waxes will include those 
waxes which are synthesised from basic raw materials by chemical reac- 
tion, and those proprietary brauds whose methods of preparation have 
not been publicly divulged. 

Among the outstanding characteristics of waxes which distinguish 
them from other varnish ingredients are their comparative chemical 
inertness, solvent retention, and insolvency in most organic solvents. 


NATURAL WAXES 
Paraffin Waxes 


These are used to a greater extent than any other wax, whether natural 
or synthetic. Their choapness is probably the controlling factor of their 
popularity. 

Parafiin waxes aro obtained from crude petroleum by distillation, the 
amount present varying considerably with the source. Petroleum from 
Burma is rich in wax, and other sources are Assam, Bast Indies, North 
Africa, Timor, U.S.A., Mexico, Canada, Russia, Rumania and Galicia. 
Paraffin waxes are also obtained from lignite and shale. 

Parafin waxes are chemically inert substances, consisting of mixtures 
of hydrocarbons corresponding to the C, Henya series. They vary in 
colour. from pale yellow to water white, and most commercial grades 
encountered in the varnish trade are the latter variety. Melting-point 
varies from about 35° to 77° C., and hydrocarbons corresponding to the 
formule, Co, Hag, Cort sq, Cog Hao, Cog H4, Ogg Hag and. Cay Hi with melting- 
points covering the range 48? to 63^ C. have been isolated. The folowing 
grades of wax are available, and are distinguished by their melting-points : 
38°-46° C., 46°-48° C., 48°-49° C., 50°-52° C., 63°-65-5° C, and 71°-74° C, 
Price usually increases with melting-point. The most popular grade is 
that melting at 50°-52° C. Grades with lower melting-points than this 
present storage difficulties, for being supplied in hessian bags they slowly 
. lose shape in warm weather and matt together. 

. Parafiin waxes possess good solubility in both aliphatic and aromatic 
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hydrocarbons in hot; solutions, and although they dissolve in cold hydro- 
carbons their solubility usually amounts only to a few per cent. Harrap 
and Yvans?? have given the solubility of paraffin wax (m.pt. 50?-52? C.) 
in a range of petroleum fractions at 16? and 25? O., and these are in- 
cluded in the table below : l 


SOLUBILITIES AMERICAN 122-5 WAX 


(n. war]100 ml, solution) 


ma mE a: ite 
ΣΕ ή, 


18 141 12-3 9-7 18-6 9-7 9-2 9:0 8.9 
20 24-1 38:8 23-0 39-6 22:8 22-3 22-5 20:1 


Aromatic hydrocarbons are better solvents than aliphatie hydrocarbons, 
thus, if possible, parafin wax should be added to varnishes thinned with 
xylol, toluol or naphtha, in preference to those containing white spirit, 
parafin, or þenzine. Esters and alcohols are poor solvents, the wax only 
possessing slight solubility eveu in hot alcohol. Parafin wax dissolves in 
hot solutions of most oleorcsinous or aynthotie varnishes, almost irrespec- 
tive of the ingredients. Thus it is soluble in varnishes, containing white 
spirit, naphtha, turpentine, linseed, castor, perilla, tung and stand oils, 
run copals, damar, rosin, rosin aud copal ester, phenolic and maleic resing, 
and alkyds, On cooling to normal temperatures, however, a considerable 
quantity of wax orystallises out. If it is desired that the wax remains 
permanently in solution in the varnish, not more than 1-2 per cent should 
be present, and this amount is usually sufficient to yield the properties 
desired. The lower the melting- point of the wax the greater the chanee 
of its retention in solution in the varnish. 

Wax does not crystallise rapidly from varnishes if preseut slightly in 
excess of the limits suggested. After the varmish has cooled to atmo- 
spheric temperature, several hours up to one day may elapse before separa- 
tion occurs. Separation of solid wax crystals is a serious drawback, for 
they induce cissing during stoving. Such products should be. tested, 
therefore, for erystallising tendency, by subjecting them to temperatures 
lower than those which will be reasonably encountered on storage. 

An important feature of paraffin waxes is that they can be continuously 
heated without degradation or serious loss of colour. - l 

The flexibility of paraffin wax can be improved by small additions of 
rubber. Additions of 0-25 to 2 per cent are suggested.? Other modifica- 
tions of paraffin wax have been recorded, yielding improvements in pro- 
perties. Treatment above 100° ©., with metallic compounds like the 
aluminium salts of fatty acids possessing more than five carbon atoms, 
yields a processed wax with a higher molting- point and viscosity, and it 
possesses better solubility in organic solvents. 
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Holde has devised. a simple test for the detection of unsaponitiable 
waxes in vegetable oils. Six to eight drops of the oil are boiled for two 
minutes with 3 c.c. of N potassium hydroxide. Up to 10 o.c. water is 
added slowly. Unsaponifiable substances cause turbidity, exceptions 
being spermaceti and bottlenose oils.4 


Mineral Jelly 

Mineral jelly is a petroleum product and a typical example is 
vasoline. It is a soft substance with a melting-point of about 30? C. 
It varies in colour, depending upon the oxtent to which it has been 
bleached, from a very pale straw to a golden-yellow. Mineral jelly also 
exhibits a characteristic bluish fluorescence. It may be regarded as a 
mixture of paraffn wax and heavy oils. 

It is not used to such a great extent as paraffin wax, probably because 
it does not separate from solutions, when required, in crystalline form. 


Beeswax 


Beeswax is obtaincd from honeycombs by melting in hot water. 
Apart from the English beeswax, tho wax is produced in Portugal, 
Portuguese Africa, East Africa, Canada, India and other sources. 

It is a complex mixture of esters, acid, aleohol and hydrocarbon. 
The chief ester is myricyl palmitate, and the aleohols ceryl and myricyl 
with cerotic and melissic acids. 

Beeswax has a characteristic and very pleasant smell. 

The appearance of the commercial wax varies considerably, according 
to the grade, of which there are many. It varies from a dark brownish 
soft wax to a hard white or bleached wax. ‘The physical condition of 
the wax is governed by the source, the care taken in separation and tho. 
subsequent refinement. 

The molten wax from the combs is strained. It is refined, normally, 
by one or combinations of two methods, namely, repeated boiling with 
water or bleaching. The latter process is accomplished either naturally 
by means of sunlight or by chemical means. The chief chemical bleaching 
agents are potassium. permanganate and dichr omate, hydrogen peroxide, 
or ozone. 

Buchner segregates beeswaxes into five different types. The first 
type includes all waxes possessing constants within certain specified limits. 
These are designated as normal. The second type includes waxes with 
constants slightly outside the limits, such as wax from Hast Afriea, or 
wax obtained by extraction with an unsatisfactory solvent. The African 
wax would be characterised by an abnormal amount of ceryl aleohol and 
hydrocarbons. In the third group he places Indian wax, with constants 
widely divergent from those of normal wax, particularly a low acid value. 

Into the final two groups fall waxes whose condition has heen modified 
by heat treatment. Onc includes waxes which have been heated above 
| 150? O., and the other, waxes with a heterogeneous composition caused 
by rapid cooling.’ 
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The luminescence produced in ultra-violet light has been suggested as 
& moans of assessing the purity of beeswaxes. A pure wax iy stated bo 
appear light grey, and adulterated waxes as dark brown.® Beeswax 
emulsifies readily. 


Lanolin 


Lanolin is included in this chapter for convenience of reference. 

In appearance, lanolin, wool grease, or wool wax, is between the 
vegetable oils on the one hand, and the true hard waxes on the other. 
ft is a soft material of mineral jelly consistency. 

Lanolin is the natural grease of sheep wool, obtained. either by solvent 
extraction or by alkaline treatment. In the latter case the lanolin is 
regenerated on acidification, Special grades of lanolin are obtained by 
distillation. 

Lanolin appears to consist of a mixture of esters, like lanocerin, and 
alcohols like cholesterol and isocholesterol. 

Commercial grades vary considerably from a dark brown evil-smelling 
grease to a pale straw product with a slight pleasant odour, used in toilet 
and pharmaceutical preparations. 

‘Lanolin keeps well on storage. Lipson extracted wool wax from sheep 
fleece with other, and examined it after two years’ storage. Apart from 
a reduction in iodine value from 33-5 to 26-7 no substantial changes oc- 
curred, Acid and saponification values, for example, were practically 
unchanged.? - , 

Lanolin has great affinity for water, and most commercial grades 
contain substantial amounts. The presence of water causes opacity 
which diminishes with the water content. So-called anhydrous lanolins 
are available for special purposes. 

Because of its affinity for water, lanolin readily emulsifies. It possesses 
vood solubility in aliphatic and aromatic hydrocarbons, and is compatible 
with many varnish constituents, including vegetable oils, rm natural 
copals, rosin, coumarone and chlorinated rubber. | 


Ozokerite and Ceresin 


This material is mined, and oceurs in many parts of the world. The 
chief source is Galicia, but it is found also in the United States of America 
(Utah), South Africa, Egypt, Jugoslavia and Anstria. 

Its hardness and. colour are variable. Some grades are soft, whereas 
others aro appreciably harder, depending upon the source. Colour varies 
from a dark brown to an opaque pale straw. When specially refined it 
is sold under the name Ceresin. Ozokerite may be refined by vacuum 
steam distillation. 

Ozokerites are not quite so inert as the parafin waxes, as shown by 
a greater tendency to decomposition by heat, and. in their sensitivity to 
sulphurie acid. They are also less soluble in petroleum hydrocarbons. 
Ozokerite has a lower solvent retention than paraffin waxes. In varnish 
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compositions, ceresin can be replaced often by a paraffin wax of similar 
melting-point without detriment. In fact, its constituents are chiefly 
hydrocarbons. Some so-called ceresin waxes are substantially hardened 
paraffin waxes. Ivanovzsky states that normal and isoparaffing are 
present with resinous and asphaltic petroleum products.® Other workers 
claim to have isolated cyclic hydrocarbons. After homogonisation, 
natural German Ozokerites compare favourably with the best Polish 
grades for quality i? 

Ozokerite substitutes, under the names amorphous wax and. petroleum 
ceresin, are obtained from the distillation residues of certain American 
erude oils after solvent treatment. 

Ozokerite is frequently adulterated with montan and paraffin waxes. 


Montan Wax 


Montan wax may be described as a bitumen wax. It is obtained from 
lignite by extraction with solvents, satisfactory solvents being petroleum 
hydrocarbons. The bulk of montan wax is obtained from bituminous 
brown coal, by extraction, in German Sudetenland. Before extraction 
the lignite is dried to rednee the wator eontent. When this falls below 
15 per cent ib is exiracted with benzene. Another method fixes the 
maximum water content permissible, before extraction, as 20 per cent, 
and in this instance a mixed solvent, consisting of benzene or toluene with 
the water immiscible portion of fusel oil or wood spirit, is used with 
advantage. The yield of wax extracted is about 30 per cent more than 
that obtained using benzene." 

The crude wax is a hard, brittle, dark brown or black substance, and 
exhibits a conchoidal fracture when broken. It is refined either by 
treatment with acids such as sulphuric or nitric acids, or by vacuum and 
steam distillation. Sometimes a mixture of potassium dichromate and 
sulphuric acid is used. l 

Among the constituents preseit is the saturated fatty acid, montanic 
acid, and an unsaturated hydrocarbon. Crude montan wax contains, in 
addition, about 30 per cent of asphaltic and resinous substances. 

Since paraffin wax is used during the refining process with sulphuric 

. acid, some of this wax may be present in the final product. 

Montan wax has been modified in many ways, aud is the basis of 
certain synthetic waxes. Details are given of montanin wax, derived 
from montan wax by neutralising part of its free acid with soda. Mon- 
tanin wax has a melting-point of about 97° C., which is substantially 
higher than that of the parent wax? More details are available, of the 
process of making waxes of higher melting-point by neutralisation, in the 
following examples. Montan wax is heated with 1 per cent of a metallia 
oxide, hydroxide or carbonate, in the presence of water, at temperatures 
of the order of 100° C. . Suggested metallic compounds are lime, sodium 
hydroxide or potassium carbonate. An alternative method involves 

Teacting the wax with the metallic compounds in a solvent at higher . 
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temperatures (200° C.).48 The formation of metallic soaps from the free . 
fatty acids in the wax causes a viscosity increase also: 

Specially prepared montan waxes are claimed to be superior to 
carnauba wax for certain purposes. Montan wax gives better continuity of 
film from liquid dispersions, binds turpentine and benzene more effectively, 
has greater solvent retention, and in some cases permits greater solvent 
dilution." The high percentage of organic acids present enables montan 
waxes to be readily emulsified. | 


Peat Wax 

Peat is available in many parts of the world, including Great Britain, 
Ireland, Canada, Finland, Russia and New Zealand. The wax is obtained 
by solvent extraction of peat, and figures given by Ivanovzsky for the 


. amounts of extracted wax vary from 8 to 50 per cent, depending upon 


. 


the origin of the peat. Although it is but little used as yet, the simi- 
larity of peat wax with montan wax suggests that it might be a satis- 
factory substitute for it.. 


Carnauba Wax 


This wax is a produet of Brazil, aud occurs as a powdery substance 
on the leaves of the palm tree. It is scraped from the leaves and melted 
in hot water. Bleached grades aro available, the bleaching being accom. 
plished by activated earths such as fuller’s earth or potassium. dichromate. 
Ivanovasky emphasises that during refinement of carnauba wax, bleaching 
is aceompanied by both substantial physical and chemical changes. 
According to Sturcke, carnauba wax is composed of esters derived from 
the following alcohols and acids: myricyl and. ceryl aleghols, a dihydric 
alcohol [ΝΜ with carnaubic and a hydroxy acid. 


(C,gHsCH,OH . COOH). 


A hydrocarbon, free cerotic acid and free myricy] alcohol have also been 
found. 

Carnauba wax is extremely hard and brittle, and when heated has 
a pleasant characteristic smell, It varies considerably in colour, depend- 
ing upon the grade, of which bleached, yellow, fatty grey and chalky 
grey are the commonest. 


Ouricuri Wax 

This is known also as Ouricoury wax, and is derived from the leaves 
of the ouricuri palm of Bahia. It is another palm wax varying in colour 
from pale to dark brown. When broken the fracture is conchoidal. Of 
the commoner waxes carnauba possesses the highest viscosity, but ouri- 
curi wax has an even higher viscosity. The order of viscosity decrease 
ag given by Ivanovzsky is ouricuri, carnauba, candelilla and esparto.** 
The presence of resin in the wax affects its viscosity, and generally, waxes . 
refined by deresinification show diminished viscosities, The order of oil 
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absorbing capacity is similar to the foregoing except that carnauba 
displaces ouricuri with maximum capacity. 


Ouropardo Wax 

This wax is characterised by its high specific gravity of 1-23 and by 
the fact that it does not melt on heating, apparent resiuification occurring. 
Tt is a yellowish-grey wax with an odour when warmed not unlike that of 
carnauba. 


Candelilla Wax 


Candelilla wax is a product of Mexico and Texas, and is obtained from 
plant stems by solvent extraction or by boiling with water. 

Its precise composition has not been established, although a hydro- 
carbon, hentriacontane (Cy Hye), is said to be present,’ 

The wax is hard and may be a brownish-preen colour, although other 
sources describe the colour as ranging from pale yellow to yellowish- 
brown. 

Lowe states that candelilla waxes contain from 3-7 per cent of water, 
which can be removed by heating to 105° C., with simultaneous darkening. 
Heating at higher temperatures causes more pronounced darkening as the 
result of oxidation.!? ` 

The wax can be emulsified fairly easily. 

Esparto Wax 
Esparto wax is a hard wax, varying from light to dark brown in 
_ colour, similar to candelilla wax in some respects, and produced from 
esparto grass native to North Africa and Spain. During the preparation 
of esparto fibre for paper manufacture the wax is eliminated as a by- 
product, On. breaking it reveals a conchoidal fracture. Tt eau bo emul- 
sified if desired. It is sometimes used as a substitute for carnanba wax. 


Insect Wax 


This is native to China, and. is sometimes known as Chinese wax. It 
is obtained from twigs and. branches either manually or by hot water, 
Ceryl cerotate is the chief constituent. 


Spermaceti 


This wax is derived from fish oils such as sperm, bottlenose and 
dolphin oils. 

At is water white in colour, and is brittle and crystalline. 

Cetyl palmitate is the chief constituent. 
Shellac Wax 


This wax is a by-product of the shellac industry wherein it is obtained 
from dewaxing processes. It is a fairly hard wax, but has little applica- 
tion in the varnish trade, 
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Strictly speaking, this substance should not be considered under 
waxes, for it consists entirely of glycerides. Although it is correctly 
classified as a fat it is included for completeness, It is derived from the 
berries of trees cultivated both in Japan and China. 

Refined grades are obtained by melting and sun bleaching. 

Tt consists chiefly of palmitin, with small amounts of palmitic and 
japanic acids. 

Because of the ease with which it emulsifies, Japan wax is a popular 
constituent of this type of composition. 


SYNTHETIC WAXES 
Chlorinated Naphthalenes 


These are produced in several grades by the chlorination of naphtha- 
lene, under the names of Seekay, Halowax, Nibren and Haftax. They 
ary in colour from black to a pale yellow, according to the degree of 
refinement. For special electrical purposes an almost white grade is 
produced. 

The chief differences between these chlorinated: products and the 
natural waxes are the higher specific gravity, melting-point and solubility 
of the former, which possess, in addition, the valuable properties of 
non-inflammability and excellent chemical resistanve. These waxes are 
practically odourless. 

Melting-points of the order of 120°-125° C. are possible. . 

The solubility of natural waxes in solvents at ordinary temperatures 
is restricted to a few per cent of wax. Chlorinated naphthalenes have 
excellent solubility in ordinary and chlorinated hydrocarbons, being 
as high as 170 gm. per 100 g. of benzene, 125 gm. per 100 gm. of trichlor- 
ethylene, 35 gm. per 100 g. white spirit, and 1-5 g. per 100 g. of industrial 
alcohol. 

The alkali resistance of these waxes is indicated by the results obtained 
with Seekay wax R. 93. After immersion in caustic soda solution (7 per 
cont) for 500 hours at 17° C., the loss of chlorine amounted to only 0-0034 
per cent, or to 0-024 per cent after thirty hours’ treatment at 100° ©. In 
consideration of their chemical constitution, their imertness is not sur- 
prising. Prolonged heating does not cause appreciable disintegration. 
No corrosion occurs between the waxes and metals. Tests conducted on 
aluminium, brass, copper, iron, stainless steel; monel metal and zine, by 
immersion in the wax at 120° C, for 168 honrs showed. negligible penetra- 
tion. 

If desired, the waxes may be emulsified. 

Chlorinated naphthalenes are compatible with natural waxes, bitumens 
and chlorinated. rubber. . 

Like most chlorinated hydrocarbons they possess a certain toxicity. 
The chiof risk oconrs when. these waxes are in the form of vapour or dust. 
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Inhalation of the vapours should be avoided, since serious results may 
occur. Externally, inflammation of the skin may be caused. 


Chlorinated Parafin Wax 


Under certain conditions paraffin wax may be reacted with pure 
chlorine to yield highly chlorinated compounds. Chlorowax is a typical 
chlorinated parafin wax available in commercial quantities. 

‘Chlorination, as might be expected, produces profound changes in 
properties of the original wax. A yellow or amber colour is assumed, 
melting-point and specific gravity increase substantially, and solubility 
and compatibility show remarkable improvement. A chlorinated paraffin 
containing 43 per cent chlorine is liquid ; at 60 per cent chlorine content, 
a soft solid resin is produced, and at 70 per cent chlorine content the. 
product is a brittle resin. 

Chlorowax, containing approximately 70 per cent of chlorine, and 
possessing a molecular weight of about 1,160, is soluble in both aliphatic 
and aromatie hydrocarbons, ketones, drying oils, ete., and is compatible 
with a wide range of other varnish and lacquer constituents. It is com- 
patible with alkyds, urea formaldehyde, polystyrene and vinyl resins, 
-and ethyl and nitrocellulose. 

Chlorination destroys the usual waxy characteristics of the starting 
material, and the resultant product becomes resinous. 

Chlorinated paraffin waxes are claimed to be chemically inert, and 
non-toxic. Their chief application scems to be in the manufacture of 
moisture proof, fire retarding compositions. 


LG, Waxes 


There is not much information available on the composition of these 
waxes, although OP wax is stated to be substantially the glycol ester of 
montan wax acids to which other substances have been added. to increase 
colloidal properties and melting-point.1° Z wax is said to be a high molec- 
ular weight aliphatic hydrocarbon. Osxidised montan wax is stated to 
be the basis of some of these waxes. The ash content is also significant. 

Certain of these waxes have exceptionally high viscosities and arc even 
more viscous than ouricuri wax. 

Apart from consistency of quality, which the makers claim, as opposed 

_to the irregularities which sometirnes occur with natural waxes, the 
following properties of individual I.G. waxes are. recorded :—~ 

O and OP.—These are pale coloured, and have high melting-points. . 

"When broken they exhibit a conchoidal fracture. Because of their 
. exceptional colloidal behaviour they absorb and retain large amounts of 
` solvents. 


J/.—This is a pale yellow or ystalline Wax, recomunended for use in 
emulsions. 
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5—0 wax is characterised by its high acidity, a property which is 
valuable in the production of emulsions. It is à very pale, hard, crystal- 
line material. . 

CR —This i8 à dark, easily emulsified wax. 

B—B wax is obtained in two forms—unbleached and bleached, the 
former being pale yellow and the latter ivory white. They are soft and 
easily emulsified. . 

New.—This is a very pale, almost white, soft wax. It is designed 
primarily for the production of emulsions. In fact, emulsions may be- 
prepared by agitation in hot water without the addition of an emulsifying 
agent. 

V.—Although this wax has a comparatively low melting-point it is 
very hard. It is an opaque white product, characterised by outstanding 
solubility in turpentine and petroleum hydrocarbons, 

Z.—I.G. wax Z is odourless, tasteless and colourless. It has good 
hardness aud chemical inertness. 


Lanette Wax 

Lanette wax is really a high molecular weight fatty alcohol. It is 
sometimes described as stearyl alcohol, although, in fact, it is a mixture 
containing also cetyl alcohol, obtained by hydrogenation of commercial 
stearic acid. The hydrogenation reaction is represented by the following 
simple equation : 

Ha 
R.COOH — R.CEH,OH. 

This wax is soluble in alcohols and hydrocarbons. 

Laneiie Wax SX —This is a fairly hard wax-like substance varying in 
colour from white to yellowish. It is produced from the intermediate 
Lanectte wax described above by partial sulphation. It is completely 
chemically compatible with vegetable oils, natural and synthetic resins, 
and solvents. 

For the production of O/W emulsion paints containing synthetic 
resins, this wax is especially recommended. 


Other Synthetic Waxes 


"These are produced by a variety of methods, and a survey of published 
information reveals the following : 

A waxy product is obtained by emulsifying linseed oil with aqueous 
barium hydroxide.?9 - 

Beeswax substitutes are made by oxidising aliphatic petroleum hydro- 

. carbons. The resultant products contain acids and esters, and usually 
possess melting-points in excess of those of the natural waxes." 

Other synthetic waxes are made by heating boric, boric-acetic, 
arseuious or phosphorous acids, with compounds of high molecular weight 
containing hydroxyl groups. Alcohols from the reduction of carnauba 
wax have been used.?? 007 
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Modified waxes are yielded by treatment of beeswax or other waxes, 
and show improvement in colour, melting-point, solubility and un- 
saponifiable content. In an example, beeswax 600 parts is mixed with 
-a catalyst 50 parts, and hydrogenated at 200° C. and 150 atmospheres 
pressure. ‘Che catalyst comprises one part of nickel to four parts of 
kieselguhr.?3 
The glycol, diglycol and glycerol esters of stearic avid havo also been 
used aS waxes. 
Paraffin waxes and waxes resembling ozokerite have been synthesised 
by a modification of the Fischer-Tropsch process involving tho use of 
water, water gas and coal. 
Synthetic waxes are made from diphenylamine. Cases of dermatitis 
have been reported as the result of using them.^ 


Uses 

Waxes are used in a large number of products of the varnish factory, 
or in products closely allied to them, 

Paint Removers.—Probably their most important use is in the manu- 
facture of paint removers where they perform two important functions. 
Firstly, they provide the material with à viscosity which enables it to be 
applied. to vertical surfaces without undue flow, and secondly, they inhibit 
the evaporation of the solventa. Tho final viscosity of the paint remover 
depends upon the crystalline form of the separated wax, and on the type 
of structure set up, both depending upon the solvents and waxes present. 
Solubility of waxes varies considerably with temperature, and à remover 
must be carefully formulated if viscosity is to be maintamed during hot 
summers without yielding unworkable products duriug the winter. 

The wax must. bo chosen also so that when it separates from the solvent, 
mixture, crystals float to the surface and orientate themselves in the 
form of a continuous film, which keeps the solvent locked beneath. it. 
Further, the solvent retention properties of the wax should be carefully 
considered. 

Waxes commonly used in paint removers are paraffin and. ceresine. 

Matt Finishes —The insolubility of waxes is exploited in matt finishes. 
These rely for their mattness on the fact that most waxes are practically 
completely insoluble in the non-volatile portions of varnishes. ‘The ideal 
matt varnish would be a clear product, which could be applied evenly and 
smoothly to a surface, attaining a velvet matiness gradually as the thinners 
evaporate. The waxes must separate in a finely divided condition, since 
large agglomerations of crystals result in unsightly films. If there is a 
tendency for the wax to separate from the varnish itself, the formula 
should be adjusted to ensure that a separation of fine particles only occurs. 
Large crystal formations are not always dispersed during brush applica- 
tion and a film of rough texture results. 

The waxes most commonly used in matt varnishes are beeswax, | 
paraffin, and sometimes ceresin. 
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Waxes have certain properties which are undesirable in matt varnishes. 
They inhibit dry by, preventing evaporation of solvents, and also by 
protecting the film from free access to the air at the surface. 

For this reason they are used cautiously, and often they are responsible 
for the mattness, in part only, other matting agents being incorporated, 

In Stoving Varnishes--The main function of wax in this type of 
material is to provide apparent surface hardness of film or “slip.” The 
wax ali the surface of the dried film seems to remove any residual tack to 
a large extent. Apparent hardness is conferred simultaneously, but this 
might be due to the slipperiness of the surface, preventing the ready in- 
cision of a knife blade, finger nail, or stamping tool. 

Solid particles of wax in a varnish may cause cissing or pin-holing on 
stoving. The wax crystals melt on the application of heat and the sur- 
rounding varnish tends to recede from them. 

In such compositions, therefore, type of wax, amount of wax, and 
coniposition of solvent mixture, must be carefully chosen to avoid this 
trouble. 

Carnauba, paraffin and. coresin have been used successfully in stoving 
varnishes. 

Waxes are used also to provide the necessary “ slip ” for playing cards. 
An air-drying lacquer used for this purpose is based on cellulose nitrate 
or acetate, and plasticisers selécted from trieresyl phosphate, triacetin, 
camphor, Palatinol, Sipalin, castor or linseed oils, Slip is conferred by the 
addition of montan, catnauba or japan waxes.2> 

In Waterproofing Compositions —It is nob surprising that the natural 
water repellant properties of waxes have prompted their use in many 
types of water resisting and water repelling compositions. As Stcinle 
points out, waxes form. the natural protective coatings on the skin aud 
hair of animals, as well as on leaves, fruit and blossoms, Their use by 
mankind dates back to the early days of history. 

Solutions of waxes in solvents are used for the impregnation of walls 
to prevent ingress of moisture, and for paper and textiles. Waxes figure 
also in lacquer compositions for paper, cellulosic films, ete. 

A composition for waterproof transparent sheets is made by mixing 
a solution of chlorinated rubber and wax in toluene, with a nitrocellulose 
lacquer derived from cellulose nitrate, wax, triphenyl phosphate and 
diethyl phthalate, in ethyl acctate and toluene.?” 

Another waterproofing composition based on nitrocellulose contains 
alkycd—or modified phenol formaldehyde resin, and carnauba wax.2# 

Using a mixture of ethyl and butyl acetates and toluene as solvent, 
a waterproof flexible lacquer is made from polyvinyl chloride and/or 
polyvinyl acetate, plasticised with diamyl or dibutyl phthalate, with 
some wax. Waxes suggested include paratiin, ozokerite, ceresin, boeswax, 
candelilla, palm, spermaceti or synthetic waxen.2® 

Cements, Stoppers, Adhesives—Waxcs are frequently used for the 
production of cements, ete., the composition of which varies according 
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to the use to which the products are put. Natural and artificial bitumens 
are other common constituents, and fillers are added if desired. 

Because of their good compatibility, chlorinated naphthalenes are 
very popular, and especially if the product must possess good electrical 
properties or chemical resistance. 

A cement composition for application, either as a solution or in molten 
form, to broken stitches of clothing, consists of wax, Burgundy pitch and 
τοβίῃ.50 . 

Wax Stains.—Combined stains and wax polishes suitable for applica- 
tion by brush have been introduced. Their functions are to stain wood, 
and after evaporation of volatile matter to leave behind a wax residue 
which, on polishing, yields a smooth waxed finish. Fairly soluble waxes 
which. polish easily, such as beeswax, are used in these composite stains. 

Printing Inks —Waxes are sometimes incorporated in overprinting 
varnishes where they prevent penetration and modify surface tack. 
They sometimes constitute the major portion of a priuting ink. Thus . 
inks for printing on oxidised alumininm are made from beeswax and 
chrysoidine (8 per cent), or paraffin wax and chromium oxide (10 per cent). 

A composition consisting of phenol formaldehyde resin, tung oil and 
lanolin is added in small amounts to lithographic inks. Waxes figuro 
prominently in carbon paper coatings. 

Crystallising Varnishes —Because of the case with which chlorinated 
naphthalenes crystallise from solutions, crystallising varnishes which rely 
upon evaporation for effect can be formulated from. them. 

Fireproofing Compositions —Chlorinated naphthalene waxes, with 
other chlorinated compounds such as chlorinated rubber and chlorinated 
diphenyl, are employed in non-inflammable compositions. These are 
utilised as fire resistant cable waxes, and in lacquers for conferring fire 
resistance on inflammable materials like cellulose products and fabrics. 
The chlorinated waxes have been added to rubber to render it firo resistant. 

Preservatives or Pest Resisters—Chlorinated waxes have pronounced 
insecticidal and fungicidal properties. They resist attack by the death- 
watch beetle and the tropical white ant. Absence of offensive smell 
makes thom suitable for impregnation of paper and textiles and for the 
woodwork of houses. Other agents such as copper and zine naplthe- 
nates may be used with these waxes in solutions with advantage, whon 
smell is unimportant. — 

Molten wax may be used for impregnation in place of solutions, 

Insulating Materials —Most waxes possess valuable electrical insulating 
properties. In addition, their water repellant properties mako them 
particularly suitable. They are used for electrical insulation where the 
maximum working temperature of the plant is comparatively low, aud 
where there is no chance of contact with organie liquids such as trans- 
former oils. 

Waxes used for impregnation and other electrical purposes, include 
. paraffin, ozokerite, ceresin and chlorinated naphthalenes. ‘impregnation 
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is accomplished by immersion in the liquid wax at ordinary pressure or 
in a vacuum plant. 

Anti-Rust Solutions.—The solutions are applied to all types of iron 
and stool tools and plant to prevent corrosion during transit or on storage. 
The protection demanded is of a temporary nature only, and whatever 
coating is used must be removed readily by solvent action. 

Solutions of crude lanolin in petroleum hydrocarbons are commonly 
used for this purpose. In order that their presence may be easily detected 
they are coloured blue or red. Lanolin itself has no film strength, and is 
toughened sometimes by adding rosin. 

The coatings are removed when required by scrubbing with parafiin 
oil or white spirit. 

Other waxes are used for rustproofing metals. These may be applied 
by immersion in the molten wax or by using a special Pahl sprayer.™4 
Lanolin las a definite hygroscopicity which is uot present with many other 
waxes. Hence under certain conditions the latter may be preferable. 

Paint Media.—Wuxes are used in cheap paints, and those based on 
lanolin are by far the most important. Lanolin blends with all the nor- 
mal varnish constituents, and oil-free blends with natural copals, rosin 
and rosin ester are common. Such paints possess several defects, in- 
cluding poor film strength, thermoplasticity, inferior flow and handling 
difficulties. 

Anti-corrosive paints with good adhesion and elasticity are based on 
chlorinated rubber and lanolin." 

A method of preparing wax paints consists in stirring the pigment 
into a fused mixture of wax and resin, cooling and grinding roughly. 
The product is then dispersed in turpentine and ground more finely. 
Tn an example, 70 parts of zinc oxide are stirred into a mixture of 24 
parts of wax and 36 parts of resin? 

A weather-resisting paint medium is produced, by adding up to 4-5 
per cent of beeswax to a linseed oil-resin mixture, and cooking the whole 
with up to 5 per cent of activator. The activator comprises ionium 
residues from radium preparation.®¢ 

Synthetic Resins —Waxes have been used in the manufacture of syn- 
thetic resins. 

Waxes such as beeswax, carnauba, montan and spermaceti are re- 
acted with glycerol in the presence of a catalyst. The reaction products 
yield resins, on heating with phthalic anhydride. A dark resin, soluble 
in acetone, toluene, and mixtures of alcohol and hydrocarbon, is obtained. 
from montan wax.?7 

Belt Compositions —A mixture of rosin (400), bleachcd montan wax 
(50), and melted blubber (550), is used for thick chrome leather trans- 
mission belts.38 

Polishes —A considerable amount of wax is used in the manufacture 
of polishes of one kind or another, including shoe, furniture and floor 
polishes. Carnauba, candelilla, beeswax, paraffin, montan, ozokerite, 
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shellac waxes, and the synthetic 1.G. waxes are the types most favoured. 
The polishes are dispersions of wax in hydrocarbons or in emulsions. 


The reader is referred. to other literature for detailed information on 


-these products. 
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Waxes 











NATURAL 
Wax. M.Pt. (°C), S.G A.V. s.v. LV. % Ash. 
Carnauba . 84 0-008 2-5 80 J31 0-058 4- 3 
Candelilla . 68—70 0:94-0:99 10-20 46~63 —1 0-3-0-4. 5 
Ouricoury . 1:02-1:03 1-2-1-5 2 
Ouropardo . 1-23 ` 07-10 2 
Raphia =. . 79-82 
Sugar cane 82 
Esparto . 60—74 30 78 
Shellac. 10-84 
Flax. 61 0-008 54-5 101-5 9-6 
Cottonseed 86 
Balanophore up to 100 ` 
Lanolin ě .- 35 0-945 5 96-102 25-88 |) aud 
others 
Poat. . 70-100 
Beeswax 63 0-005 20 95 9 1 
Porüngueso— 
yellow if 21:5 1010-11 3 
whito 19:5 92-5 6 8 
African 
yellow 1945 | 92-5 12-125 3 
Canadian ü3-7—G4-7. |0-902-0-067 | 16-5—19-6 87-03 | 7T-6—12-4 4 
Taraxueum root. 17-8 114-9 25.8 h 
{Japanese dande- : 
lion) . 
Spermaceti 49 0.060 122-130 | 35-4£0 1 
Insech 81 0-970 93 LS z 
Gondang 55-73 LOL 
Montan wax— 
(crude) . 80-82 119) 25 58 
retin acl 72-77 73-88 1 
(refined) { 16 10 89-99 — | 91-104 
Ozokerites— 
Tiussian (orude) 64—84 0-810—0-960 5 
(refined) 69-88 0-900-0-950 2 
Polish (crudo) 68-00 0-910-0:960 a 
(refinad) 70-90 0-900-0-050 a 
Rumanian 
(crudo) 88-6 à 
Petroleum ceresins 
American— 
(crude) 50-71 0:910-—0-035 2 
(refined) 60-73 0905-0930 2 
_(Superla, 
. Stanolind) 74-85 0-930—0-940 3 
Paraffin waxes-— : 
(ordinary) 40~62 0-870-0-920 3 
(Asian) . 58-76 0.905-0-935 a 


l Fryer and. Weston. 
1 Baril md Lomay. 





? Ivanovzsky. 
5 Inouo. 
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CONSTANTS OF 


WAXES 


SYNPILBTIC 
































Wax. MPE, CO). S.C. AY, SV. LV. 96 Ash. 
Chlorinatod 
Naphthalenes 
Seekay— 

A08, R68 . 68-72 * 1 

A93, R93, I1493C 90-95 155 1 

A700, R700 . | 00 approx. 1 

ALL, BAB, 

R1il3C 110-115 i 
A123, R12 . 

RLWC 190-125 i 
AXIL. 108—113 1 
RX118 . 117—123 1 

Chlorinated 

Paraffine— 

Chlorowax 980—100 1:6-1-65 — — — 5 
Lanetto wax SX 50-58 κ 01 <5 2 
Adhoso wax , 98—99 8 

Ceraflux (Tech, ) 53 3 
Gelowax A 83 3 
Glyco wax A 58—59 a 
Glyco wax B 54-85 a 
Wax B 430 81-83 a 
Wax Noa, 181 4007 a 
LG. waxos— 

105-107-5] = 1-03-1-04 10-15 123-138 4 

OP 105—107-5 1-03—1:04. 10-15 123—138 33-454 

E. 80-83 101-1»03 15-20 155-15 A 

S. 82—84 101-103 143-153 165—180 4 

CR . . 80-83 1:00—1-01: 30-35 115—130 4 

B (unbleached) 75-17 0-95 10-20 145—165 a 

B (bleachad) . 75-77 0:9 55-10 165-185 4 

N now . . 76-06-77 0-97 36-45 110—125 4 

. f . 50-51:7 (-03--0- 94 0 0-10 4 
A. 100--103 0-92-0-93 0 0 4 











17.0.1. Ltd. 
«1.0, 


* Tonsheim and Moore. 
5 Diamond Alkali Co. 


? Rox, Campboll & Co. Lid. 


* S.G. "Trichloronaphthalene is L2 approx. S.G. Eoxschloronaphthaleno is 
1-8 approx. 


CHAPTER 14 
RUBBER 


RUBBER, as such, or in its many modified forms, is finding increasing 
application in products for special purposes. 


Source 


Rubber, or latex, is derived from the exudation of certain tropical 
trees and shrubs after incisions in the bark have been made. Species 
yielding rubber occur in Malaya, the Dutch East Indies, Ceylon, Africa, 
"Siam, Southern India, Burma, Cochin China, and South and Central 
America. South American rubber, collected in the Amazon district, is 
shipped through Para, and hence is known as para rubber. All but a 
few per cent of raw rubber is now obtained from plantations in Malaya 
and the Dutch Haat Indies. 


Collection and Treatment 


When the trees are tapped a milky juice flows away. This is known 
as latex, Tt is quite distinct from sap, and should not be confused with 
it. The latex is collected in small cups. Tt is a complex dispersion, and 
the rubber globules in it are made to coalesce by a process known as 
coagulation. They are then easily removed. Several methods of co- 
agulation are used. The native smoking process consists in allowing a 
thin stream of latex to flow on to a wooden paddle, which is rotated in 
the dense hot smoke arising from the burning of resinous woods. Co- 
agulation oceurs through rapid evaporation of volatile matter in the 
latex, assisted by the effect of the organic acids present in the smoke. 
Or on the plantation coagulation is normally effected by the deliberate 
addition of acids or acidic substances such as acetic, formic, lactic, sul- 
phuric and sulphurous acids, or sodium hydrogen sulphate and alum. 
Organic liquids such as alcohol, acetone and formalin also cause coagula- 
tion. A method used in Malaya is known as autocoagulation, and in- 
volves the addition of a fractional percentage of glucose to the latex, 
Coagulation takes place in about eighteen hours. Autocoagulation is, 
however, not popular, and is really of academic interest only. 

The coagulated mass is known as Coagulum. In the factories on the 
plantations this is sliced, macerated between rolls, and washed with 
" water to remove oxtraneous matter such as dirt, bark, twigs, ete. The 
rubber is converted into sheets by passage through the rolls, and dried. 
The product known as crépe rubber is obtained by drying in the air. 
When drying is effected in smoke, smoked sheet is obtained. Both crépe 
rubber and smoked shect are known as raw rubber. 

Raw rubber is vuleanised by mixing about 6 Ib. of sulphur intimately 
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with 100 Ib. of rubber, passing the mixture repeatedly through rolls, and 
subjecting it to a temperature of 1407-150? C. for soveral hours. Most 
of the sulphur in vulcanised rubber is in true chemical combination, 
although some remains in the free state. An alternative method of 
vulcanisation, known as the cold vulcanising or curing process, is to steep | 
the rubber in a solution of sulphur monochloride in benzene or carbon 
disulphide, or to leave it in contact with sulphur monochioride vapour. 
Peachey uses the combined effect of sulphur dioxide and hydrogen 
sulphide, on thin sheets of rubber to bring about vuleanisation. Heat 
vulcanisation is expedited by the presence of accelerators, a short list of 
which would include the oxides of lead, calcium and magnesium, basic 
lead carbonate, calcium hydroxide, magnesium carbonate, antimony 
sulphides and organic bases such as aniline, piperidine, aldehyde ammonia 
and diamines. Organic accelerators have now almost exclusively re- 
placed inorganic ones, and the principal organic accelerators used are 
mercaptobenzthiazole, guanidines, and thiocarhamic acid derivatives. 

Reclaimed. rubber is obtained from old or serap rubber by heating 
for several hours with or without alkali, oil, or other materials. Vulcanised 
rubber scrap is converted to a satisfactory paint medium constituent, by 
treating it first with carbon disulphide at 60° F. for one hour. Sulphur 
and carbon disulphide are removed by heating in a hot water bath, the 
rubber settling to the bottom. After further treatment with caustic 
soda for two to four hours at 100° C., the rubber is claimed to be free of 
oxidising agents and fillers. It is ultimately dissolved in benzene, filtered, 
and the filtrate is used as a paint medium.? 

Rubber is also oxidised, hydrogenated, acetylated, halogenated, 
hypochlorinated, nitrited and isomerised. It is in some of these forms 
that it is used chiefly in varnish and lacquer manufacture. 


Chemical Constitution 


Rubber is generally considered to comprise a number of C,H, units, 
often written as (C;,H,)n. A similarity exists between rubber and. iso- 
prene which also possesses the formula CHa. Rubber can be synthesised 
from isoprene, and rubber can be degraded into isoprene. Each C,H, 
unit of rubber possesses an. unsaturated bond which permits the formation 
of many types of addition compound. Rubber is said to consist of a long 
chain of C,H, units, and Pickles believes that a£ least eight are involved 
in each chain.? 


Latex 


Properties —lts composition varies considerably, according to tho 
botanical source of tho latex, ago of plant, season and position of tappings.* 
The rubber is present as an aqueous dispersion. Mineral salts, acids, 
resins, sugars, ghucosides, proteins and enzymes are present also. Below 
are given three typical analyses of latices. ' 
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14 24 3.8 
(Amauzon.) (Ceylon.) 
Rubber. . . ls | 89:0 41:3 32-0 
Albuminoid and mineral matter . 21:0 5-0 12-0 
Wator . . . . . 47-0 55-2 56-0 


Latices may he either acidic or alkaline. Latex on storage, unless pre- 
served with alkali, gradually becomes acidic and spontaneously coagulates. 
'Fhe addition of sodium bisulphite or ummonia.to latex prevents darkon- 
ing on exposure to air. The latter is often added as soon as the latex is 
collected. 

The effect of bentonite on latex has been studied by Van Rossen. 
Bentonite increases the viscosity and reduces tackiness.. The normal 
process of coagulation by acids is upset by the presence of bentonite, 
and flocculation only occurs.’ 

Uses-—Latex is uscd for a wide variety of purposes. It is best 
applied by brush or-spraying, although electrodeposition on metals has 
been successfully accomplished. In this respect adhesion is best on zinc. 
Metals thus coated can be used with acids and for heat, sound and 
electrical insulation.” . 

A waterproofing composition for jute and textiles contains latex, 
drying oil, alkalised casein glue, and water. Special processes have been 
developed for coagulating aqneous latex colloids on fabrics with minimum 
penetration. A latex composition for impregnation of textiles and paper 
is based on rubber, 17 parts; silica gel, 0-8 parts; and tannic acid, 0-7 
parts. The latter ingredient acts as a stabiliser. A.binder claimed to be 
both water and oil proof contains latex (68 por cent solids), 214 parts, 
concentrated ammonia, 88 parts, zinc chloride, 5-7 parts, stearic acid 
24, party, borax 18 parts and casein 100 parts.? 

_A fire and waterproof coating for electric cables and wires is made by 
mixing a dispersion of a halogenated benzene or halogenated phonan- 
threne derivative in a non-solvent, with a rubber dispersion.® 

Tho alkali resistance of rubber is made uso of in a medium for plaster 
paints which is an emulsion of rubber latex and waxes}? Other paint 
media are derived by adding a solution of an alkali silicate to a mixture 
of gelatinous silica and latex, or by mixing casein, water, concentrated 
ammonia and Jatex.. Mixtures of this type sometimes form the basis 
of distempers, and part of the casein may be substituted by glue with 
advantage. A distemper for plaster walls contains latex with ammonia, 
and protective colloids such as soap or glue. Substances like the fuosili- 
cates of aluminium, magnesium and zinc, or sodium silicate are incor- 
porated also. Their object is to react with the plaster to give good ad- 
hesion.*  À road-marking paint, in which the pigment is either lithopone 
or chrome yellow, is made from a stabilised mixture of latex and calcium 
or sodium caseinate. Drying oils are incorporated also, if desired. The 
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presence of a stabiliser such as alkalised casein is necessary, when pigments 
are ground into latex, in order to prevent the breakdown of the emulsion. 
Pigmented water paints on latex are not entirely satisfactory, even 
with a stabiliser present, for the latex tends to coagulate and clog the . 
brush, 

Wheat, corn, rice, tapioca, potato or arrowroot starches are added. to 
latex, together with stabilisers. The resultant composition is used for 
coating the backs of earpets and rugs. It may be vulcanised.™ 

Another interesting application is in compositions for lining enda of 
cans. A typical formula is alumina, ammonium alginate, saponified wax 
and latex. A similar sealer for containers is a mixture of latex six parts 
and alginic acid four parts. 15 

Greaseproof paper is made by impregnation with a composition 
obtained by adding an alkaline aqueous.solution of casein containing 
formaldehyde to rubber latex.!9 

A priming varnish for leather over which cellulose is applied consists 
of a mixture of latex, oleoresinous varnish, ammoniacal casein solution 
and formaldehyde.i7 

The poor adhesion of Jatex enablos protective coatings to be formu- 
lated which are easily removed. A latex mixture containing castor oil, 
casein and kaolin is used as an easily removable protective coating. Tt 
is coagulated by spraying on acidic substanves such as dilute formic or 
acetic acid.18 

‘A wood filler comprises rubber latex, cellulose acetate, drying oil, 
sodium salicylate, water and filler?" 

A composition resistant to hydrocarbons and mineral oils, which is 
used for gaskets, wire coatings and oilproof cloth, consists of a blend 
of latex with an alkyd dispersion. Vulcanising agents may be added 
also.2° 


Raw Rubber, Caoutchouc and Crépe Rubber 


Properties—Rubber is a plastic substance, but plasticity varios con- 
siderably with temperature. Films of rubber show marked solvent 
retention and tend to remain tacky. They lack both toughness and 
adhesion. 

Rubber dissolves slowly in petroleum, aromatic and chlorinated 
hydrocarbons, to yield solutions of exceptionally high viscosity. The 
large quantities of thinner necessary to yield solutiona of workable vis- 
cosity, result in very thin films which have little protective valuc. Thus 
considerable work has been conducted with the object of reducing the 
viscosity of solutions. Stevens and Heaton # found that the most satis- 
factory solutions were obtained using milled rubber in white spirit in the 
presence of certain metallic soaps. The table below shows the results 
obtained with some of the many catalysts tried. 
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- [Viscosity after 
Solution. 2 days 
(iu sees,). 
124 por cant milled rubbor soln. . . 35 
ἠ- 0:5 % load linoleate . . 8 
+ O08 Y A litharge . . . 18 
+ 0-5 όρ lead acotato . . 34 
+- ο. ος trichloracetie acid. , 16 
"0.5 9, benzoyl peroxide . . 23 
-- (0.5 94 dinitrobenzeno —. ` 3L 
-- 0-5 % iodine . . . 34 





The effectiveness of soluble metallic soaps is emphasised in the results 
given below. 'Their addition causes an immediate substantial reduction 
in viscosity, and ageing results in further reductions. 





3) at 25? C, 








Viscosity (contipoise: 
AY after. 
Solution, 





1 day. 1 month. 





10 % milled crépe rubber in white spirit 7040 6080 
+ 1 % cobalt linoleate . . . 540 125 
-- 1 $2 maànganeso linoleato  . . 1210 174 
-- 1 90 copper linoleate , . . 1560 366 
+ 1% lead linoleato — . ᾿ . 1865 1400 
+ 1% wine linoleate  . . . 2100 1430 
--1 96 iron linoleato — . ` . 3260 1730 





These workers concluded that when using cobalt linoleate, 2-5 per cent, 
or when using lead linoleate, 10 per cent, on the rubber are satisfactory 
proportions. ‘The corresponding metallic oleates, resinates, tungates and 
naphthenates may be used. 

Using resinates which were added to a I per cent solution of crépe 
rubber in benzene, Krauz and Franta found the following order of activity 
which varies somewhat from that obtained by Stevens and Heaton, 
‘cobalt, manganese, iron, lead, copper and zinc. Depolymerisation and 
disintegration increased with cobalt concentration, and turbidity. or 
sedimentation occurred. When large additions of cobalt resinate were 
made the speed of depolymerisation was so great that simultancous 
oxidation was limited.22. The catalysts may be added cither in the form 
of a solution to the rubber solution, or incorporated in the rubber during 
the milling. During mastication of the rubher, the rollers are kept | 
‘warm. Cobalt, mangancse and copper are said to have a detrimental 
effect on the mechanical properties of the rubber." 

Antioxidants like pyrogallol, oxyhydroquinone, « and B-naphthol, p. 
and o-amino phenol, « and f-naphthylamine, amd diphenylamine, inhibit 
the action of cobalt on rubber. The presence of a keto group in the 
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molecule was found to nullify the effect of am hydroxyl group. Meta 
compounds are inactive.2* 

Tt has been recorded already that cobalt linoleate and similar catalysts 
exwüse a progressive depolymerisation of rubber during storage. This 
excessive and continued viscosity reduction may be a disadvantage. 
Addition of antioxidants, e.g. hydroquinone, are effective in inhibiting 
further viscosity reductions. If rubber solutions of reduced viscosity, 
due to presence of catalyst, are stored as concentrated solutions, there is 
less chance of further loss of viscosity, such as is exhibited by solutions 
which are initially thin. 

Liquid products are produced from rubber, balata or gutta-percha, 
by a process of mechanical working involving treatment in an internal 
mixer. Petroleum or aromatic hydrocarbons are then added, and the 
mixture passed through a high speed colloid mill until the desired vis- 
cosity reduction is attained.” ΠΝ 

Tho viscosity of rubber is reduced by other means such as oxidation, 
chlorination, and isomerisation, or by treatment with tin tetrachloride.“ 

Raw rubber generally, in its untreated form, has poor compatibility 
with oils and other varnish ingredients. After treatment for reduction 
of viscosity, its compatibility is improved, and mixtures may be made 
with drying oils such as linseed oil, tung oil, and stand oils, and with ester 
gum and other resins, both natural and synthetic. . 

Raw rubber has good chemical and water resistance, as well as satis- 
factory electrical properties. It has been used to increase the dielectric 
strength of drying oils. | 

Rubber solutions are very prone to cobwebbing. A composition 
claimed to be sprayable is made by adding an emulsifying agent or 
protective colloid to a dilute solution of rubber in benzene. An example 
contains rubber 55, sulphur 3, accelerator 1-5, zine oxide 35, oil 5-5, and 
solvert.?¢ 

The adhesion of rubber is improved by admixture with oil. 


Molten Rubber 


When raw rubber is heated up to 300° C. liquefaction and darkening 
occur. Molten rubber possesses drying properties when driers are present, 
Durability is not good, since the exposed film has a marked tendency to 
develop cracks. More durable products are obtained if linseod oil is 
added to the molten rubber. A solution of molten rubber in white spirit 
containing cobalt drier has been used as a paint medium. Heat liquefied 
rubber is also used in printing inks.?" 

- Uses,—The incorporation of rubber into varnishes and paint, enamel, 
and distemper media, produces valuable results. It.confers on highly: 
pigmented flat paints good flow such that brushmarks disappear, as well . 
as a substantially reduced settling tendency. It has been found to be 
effective with a wide range of pigments and fillers. ‘ 

. A flat paint, using a mixture of equal parts of oil and rubber ag the 
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inedium, flows perfectly when brushed, thus obviating the necessity of 
stippling. Rubber also enables large surfaces to be coated, without 
encountering difficulties in joining up. Additions of raw rubber to paint 
cause livering, which is not the case if a rubber solution of reduced vis- 
cosity is used. — Oil paint media containing rubber have enhanced wetting 
properties. The presence of rubber in a pigmented product appears to 
have no detrimental effect on durability. In flat paints, Stevens and 
Heaton suggest using wp to 50 per cent of rubber caleulated on the non- 
volatile medium, and between 15-30 per cent in exterior paints. 

Rubbor, linseed and tung oils, kauri, ester gum, manganese borate, 
zine sulphate, and red lead, dispersed in a mixed solvent consisting of 
solvent naphtha, petroleum and turpentine, provides a satisfactory paint 
medium. A vulcanisablo rubber paint is made by adding an oil or 
varnish paint medium and. piperidine and cyclohexylamine in benzene, 
to a mixture of raw rubber, zine white, sulphur. iron oxide, powdered 
asbestos, chalk, lampblack, turpentine and benzene." 

Tn gloss. paints and enamels the addition of rubber gives an improve- 
ment in gloss. A white distemper can be made from an emulsion derived 
from a crêpe rubber solution in white spirit containing a metallic soap 
catalyst, and an aqueous glue solution pigmented with lithopone. 
Another distemper can be made by mixing a solution of crépe rubber im 
white spirit containing 2-5 per cent cobalt linoleate, water, casein and 
lithopone, with either mineral spindle oil, or with whiting and, mineral 
lubricating oil. Casein may be replaced by gelatin or glue if desired, 
and its solution is effected by means of ammonia, borax or n allkylamine,®? 

The following methods may be used to incorporate rubber in oils and 
oleoresinous compositions. Milled rubber is dissolved in solvent pre- 
ferably with cobalt linoleate and the solution added to the oil or paint. 
'Eho mixture of rubber solution and oil can be used as a grinding medium. 

Raw robber may be dispersed in drying oils with driers by heating in 
the usual way. The product can be thinned with white spirit as desired. 
Tung oil, boiled linseed oil, rosin, rubber and a metallic soap are heated 
at 300? F., until tho mixture is homogencons.*! 

Another process consists in heating à mixture of drying oil, such as 
tung oil or boiled linseed oil and rosin to 300° F. Cobalt linoleate is 
added and the temperature raised to 540° F. Then the rubber is intro- 
duced and the heating continued at 600°-650° F. until it dissolves,?* 

A product suitable for use as a paint is derived by heating together 
powdered Trinidad asphalt and rubber, with or without mineral oil, 
linseed oil or rosin,?? 

Solutions of rubber in suitable solventa are sprayed on metals to 
prevent corrosion. A composition comprising rubber, rosin, and tung 
oil stand oil gives good results in protecting steel panels against the 
corrosive action of sca-water.3t. A temporary lacquer to prevent rusting 
relies substantially upon rubber. 

Rubber solutions are used as undercoats for cellulose. A primer for 
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wood, suitable for the subsequent application of a nitrocellulose lacquer, 
contains a blend of three parts of rubber to one part of nitrocollulose in a . 
suitable solvent.9$  Viscose solution is used in another varnish. Other 
ingredients include rubber solution, rosin, camphor, drier, turpentine and 
benzenuo.?5 

À complex mixture of raw rubber, tung oil, linseed oil, varnish, japan 
drier, creosote, turpentine, white lead and lampblack is used as a top 
dressing for cars.9" 

A vulcanisable rubber composition containing sulphur, plasticiser and. 
 lampblack is applied to walls and. vuleanised in situ. A coating resistant 
to chlorine water is obtained.** An acid resisting paint is formulated on 
thermoplastic rubber dissolved in solvent, and contains ebonite dust. 
Thermoplastic rubber is made from rubber by the action of phenol sul- 
phonie acid.3? 

The use of rubber occurs in many waterproofing compositions. An 
example consists of a metallic salt of a higher fatty acid and a solution of 
rubber, with a vuleanising agent and an accelerator. ‘The metallic salt 
is present in a prepouderating amount.” 

A medium suitable for pigmentation, for coating the interiors of 
sponge rubber moulds, is a solution of raw rubber, rosin, stearic acid, 
sulphur, zine oxide and mercaptobenzothiazole in benzene.“ 

A mixture of rubber solution, partly polymerised mono or divinyl 
acetylene, vuleanising agent and drier, is used as a cement for india- 
rubber. An adhesive insoluble in water consists of natural resin 1—2 
parts, unvuleanised rubber 2-1 parts, and plasticiser or an antioxidant, 
chosen from ff-nsphthol, aldol-«-naphthylamino, phenyl-f-naphthylamine, 
or sym. di-B-naphthyl-p-phenylenediamine. The solvent may be benzeno. 
The adhesive may be applied to tape which is used as a cap seal for 
containers. 

A priming coat for metal foil, suitable for the subsequent application 
of adhesive, comprises reclaimed rubber, balata, resinous pitch and zine 
oxide, 


Vulcanised Rubber 


Properties —Vulcanised rubber is not much used in the varnish trade. . 
Although vulcanisation removes many of tle defects and enhances many . 
of the valuable properties of raw rubber, it results in reduced solubility 
and compatibility. It is for this reason that it has not found widespread 
application. Vulcanised rubber is less susceptible to temperature changes 
than raw rubber, which develops stickiness at high temperatures and 
“becomes brittle at low temperatures. Vulcanisation improves stability 
to temperature variations, tensile strength and chemical resistance, and 
gives olasticity. Surface tack is eliminated. 

Uses —Six parts of vulcanised rubber-and ono part of mineral, voge- 
table or fish oil are macerated together for several hours at 300°-600° F. 
' Finally, a homogeneous fluid results which, after thinning, yields films 
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capable of oxidation. The solution is pigmented to give a paini 
Another paint medium consists chiefly of a blend of vulcanised oil and 
vuleanised rubber. It is prepared by heating stearin-freo fish oil and 
. Sulphur under pressure. The product is dissolved by heating under 
pressure in a solvent chosen from. benzine, benzene, turpentine, tetrahydro- 
naphthalene and. trichlorethylene. Rubber and more sulphur are then 
added and the whole mixture is vulcanised under pressure. When vulcan- 
isation is complete the product is thinned with hydrocarbous. Oils and 
waxes may be added if desired. 


Oxidised Rubber 


Manufacture—Oxidised rubber is a valuable varnish and lacquer 
ingredient. Rubber has a tendency to oxidise in the air aud this is 
accentuated by mastication over hot rollers. Oxidised rubber is known 
as Rubbone. Raw rubber is dissolved in benzene, carbon tetrachloride, 
chloroform, or white spirit, and oxidised by air, oxygen, or ozonised air, 
at 50°-90° C. in the presence of oxidation catalysts, Suitable catalysts 
are the oleates, tungates, linoleates and resinates of cobalt, manganese, 
lead and copper. After the oxidation is concluded some methods involve 
the removal of the metallic salts. During oxidation the linoleates and 
tungates are precipitated, and this facilitates removal, which is accom- 
plished by centrifuging, decantation or filtration. The solvent is removed 
by evaporation to leave a pure oxidised rubber. 

In a typical example a solution of milled rubber is made in white 
spirit (20 pts. rubber to 100 pts. white spirit). Cobalt linoleate (15 pts.) 
is added, the temperature raised to 807-90? C. and air bubbled through 
for approximately six hours. A flocculent precipitate, probably oxidised 
cobalt lincleate, is removed and the solvent evaporated. 

A natural dispersion of rubber (latex) is oxidised by air or hydrogen 
peroxide in the presence of metallic salts. In addition to the catalysts 
already mentioned, zine linoleate, zinc oleate, ‘copper acetate and copper 
sulphate may be used,” 

Another method implies that the viscosity of the rubber solution is 
first reduced by the action of metallic salts and then oxidised subse- | 
quently by means of oxygen or ozone.18 

Properties.—Rubbones are available with varying degrees of oxida- 

-tion. The extent of oxidation varies from one oxygen atom for four jso- 
. prene units to one oxygen atom for each isoprene unit. 

The effect of oxidation is to reduce the viscosity of solutions in many - 
solvents. Solutions of reasonable viscosity are obtained with petroleum 
hydrocarbons, and aromatic hydrocarbons yield lower viscosities still. 
As the extent of oxidation increases, the solubility in acetone and ethyl 
alcohol increases also. This applies also to butyl Cellosolve and glycollate, 
Jellosolve, diacetone alcohol, dioxan, isopropyl alcohol, methyl Cellosolve. 
and methyl ethyl ketone. With some solvents, however, increase in 
extent of oxidation results in reduced solubility. Such solvents are: 
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carbon disulphide, Decalin, white spirit and turpentine. Among good 
solvents for oxidised rubber in various ‘states of oxidation are: amyl, 
butyl, cyclohexyl, ethyl and methyl acetates; benzene, toluene and 
xylene; butyl alcohol, carbon tetrachloride, methylene and ethylene ` 
chlorides, cyclohexanone, and methyl cyclohexanone, dipentene, Tetralin, 
and mineral oils. Methyl alcohol is a non-solvent. 

Compatibility with plasticisers is good, especially with tributyl, 
tricresyl and triphenyl phosphates; cyclohexyl, diamyl and sextol 
phthalates; ethyl, butyl and amyl] citrates, Barkite B, castor oil, blown 
castor oil, linseed oil, chlorinated diphenyl, chlorinated paraffin waxes, 
eyclohexyl and methyl cyelohexyl oxalates, and T oil, Rubbone is in- 
compatible with dimethyl glycol phthalate, Glyacol and triacetin. 

Compatibility with other varnish ingredients is good. It blends 
readily with pure and modified phenolic resins, maleic resins, coumarone, 
urea formaldehyde, most allzyds and chlorinated rubber. Incompatibility 
occurs with vinyl acetate resins and some alkyds and acrylic resins. 

Oxidised rubber has good chemical resistance, although the alkali 
resistance is somewhat inferior to that of the unoxidised rubber, as 
evidenced by a saponification value of 60 approx. 

Tt polymerises on heating to yield insoluble gels, some oxidation 
occurring simultaneously. 

The duration of heating necessary to effect complete polymerisation 

varies considerably with the temperature. At 300? C. ouly & few seconds 

exposure are necessary, but at 100? C. the time required is of the order of 
two days. Hardening may be accelerated by the addition of certain 
agents such as potassium permangante, ammonia and oxalic acid, the 
two latter being particularly effective. 

Water resistance is excelent and electrical properties are good, 
especially when cooked with stand oil. Odour and taste are slight. 
Heat resistance is outstanding. 

Oxidised rubbers may be vulcanised, but for this purpose the least 
oxidised products are the most satisfactory. 

Rubbones are readily emulsified. 

Uses.—Riubbones are used in many oleoresinons varnishes and media, 
in which they may be regarded as substitutes for natural and synthetic 
resins. No elaborate treatment is necessary to obtain satisfactory 
mixtures. A simple solution in white spirit may be added directly to 
linseed or tung oil stand oils, or Rubbone may be heated at 260° C. 
with linseed stand oil for about one hour and then thinned. Cooked 
varnishes are gener ally superior to cold cut varnishes. The procedure 
with tung oil is similar, but the addition of a small percentage of pure 
phenolic resin is advantageous i in order to minimise any webbing tendency. 

The above oil-Rubbone mixtures can be pigmented as required. 

Rubbone, in conjunction with tung oil, figures prominently in chemical 
resistant finishes, which are claimed to withstand the following reagents :— 
concentrated acetic and hydrochloric acids, 50 per cent sulphuric, 15 per 
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cent nitric, organic acida, 20 per cent caustic soda, salt and sugar solutions, 
and plating solutions. Good resistance to chemical reagents is main- 
tained even at elevated temperatures. A paint medium made from 
Rubbone, phenolic resin, and tung oil is claimed to be resistant to methyl 
salicylate or mustard gas after air drying for seven days, Those types of 
varnish are also resistant to alcohol and hot mineral oils. 

The excellent water and acid resistance of Rubbone-oil stoved films, 
‘coupled with good flexibility, has suggested their value as gold stoving 
varnishes for food containers. Rubbone-tung oil mixtures are used as 
spar varnishes. 

The heat resistance of Rubbone makes it a useful ingredient of heat 
resisting finishes for radiators, exhaust pipes, etc., and blends with linseed . 
oil are claimed to withstand temperatures of the order of 200° C. 

Insulating compositions for the impregnation of papor, textiles, 
asbestos and coils are based on Rubbones. The impregnation of coils in 
liquefied Rubbone at 100° C. has been suggested. If the oxidised rubber 
is cooked into oils a product with enhanced insulating propertics is ob- 
tained. Oxidised rubber is especially recommended in compositions for 
use on electrical apparatus which functions under highly humid. conditions. 
Lacquers for wire enamels are stoved at high temperatures. Mixtures of 
oxid sed rubber, linseed oil, and bitumen, give satisfactory results under 
these conditions of application on tinned copper wire. Inhibition of dry 
occurs on copper wire and the above composition should not be used on it. 

Anti-corrosive primers, undercoatings and finishing paints for iron 
and steel are based on tung oil and. Rubbone. 

A high coefficient of friction with oxcellent heat resistance makes 
Rubbone a useful binding medium for brake linings. It is also useful 
as the adhesive for the abrasive of dise grinders. 

Introduction in printing inks improves gloss and dry, and prevents 
penetration. Tf large percentages of Rubbone are used it can function 
as a matting agent. 

lis low acidity makes it a useful component of aluminium media. 

A paste filler for metal requiring stoving is made by heating Rubbone, 
sulphur, zine oxide and silica at 150° C. for one hour. The resultant 
product is thinned with benzol as desired. 


Isomerised Rubber 


An isomerised rubber has been offered under the description, Resin 
500R. It differs from rubber in that it is believed to have a ring for- 
mation, and this may provide the explanation for the reduction in un- 
saturation. Isomerised rubber is less susceptible to oxidation than raw 
rubber. 

Solubility is good in aliphatic, aromatic and chlorinated hydrocarbons, 
and it is compatible with oils and many plasticisors, as well as natural and 
synthetic resins, including the phenolic and alkyd types. Solutions 
suitable for spraying without cobwebbing can be made in white spirit. 
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Adhesion is good, but flexibility is inferior to that of normal rubber, 
the isomerised rubber being brittle. The melting-point of isomerised 
rubber varies from 50?—130? C. 

The saponification value is low, and resistance to alkali and acid is 
good. It is especially recommended for resistance to glacial acetic acid. 

On heating, films fuse at first, but subsequently become tougher. 
Heat resistance is good, no substantial deterioration being observed at 
temperatures up to 200° C. 

A varnish can be made by heating a rubber isomer with linseed stand 
oil and tung oil for about an hour. After lead and cobalt naphthenates 
are added, the product is thinned with white spirit. 


Hydrogenated Rubber 


Because of its unsaturation rubber may be hydrogenated. This is 
accomplished in the presence of a solvent, such as white spirit, and a 
catalyst. Thus products which are used as varnishes or media are pre- 
paxed by heating equal parts of rubber and petroleum distillate (b.pt. 
1307-200? C.) in an autoclave for three to six hours at 200°-300° C. and 
50-150 atmospheres pressure, with hydrogen, using a nickel catalyst. 
Hardness is obtained by the addition of other resins.™ . 

A coating for fabric is made from hydrogenated rubber, alkyd resin 
and cthyl cellulose. 


Peracetylated Rubber 


This is prepared by treating a solution of raw rubber in chloroform 
with glacial acetic acid and hydrogen peroxide at temperatures in excess 
of 60° C. The product blends satisfactorily with nitrocellulose, aud 
natural resins like damar and plasticisers may be added. 


Rubber Resins 


- Many modifications of rubber are classified as rubber resins. 

A homogencous mass is made by kneading together vuleanised rubber 
and coumarone or indene resin at 120°-180° C. Rosin can partly replace 
the vuleanised rubber. A rubber-coumarone resin is. obtained by dis- 
solving rubber in a solvent containing the polymerisable constituents of 
coumarone or indene resins and effecting polymerisation by means of 
sulphurie acid." 

A phenolised rubber resin is obtained by heating an oil soluble heat 
hardenable phenolic resin. with rubber in two stagos. The preliminary 
heating i is conducted at a low temperature, and after kneading the process 
is continued at a hi, gher temperature. 

A rosin-rubber resin, based on 3-4 parts of rosin to one part of rubber, 
involves heating the rosin to 300° F., adding 2-4 per cent of cobalt lino- 
leate calculated. on the rosin, and raising the temperature to 540° F. The 
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rubber is then added and the heating and stirring continued until homo- 
geneity is attained. Fused rubber rosinates are esterified with glycerol 
at temperatures above 460° F.56 


Pliolite Resin 


This resin is an amber coloured thermoplastic compound containing 
at least 92 per cent of rubber. A modification containing one part of 
ester gum to two parts of rubber resin is available also. 

Pliolite ig an oxidisable resin, oxidation being facilitated by addition 
of driers, by stoving, or by the action of light. Up to 8 per cent of oxygen 
is absorbed. The oxides of titanium, chromium and iron act as hardening 
agents, but hydroquinone, pyrogallol, phenyl-B-naphthylamine, and zine 
oxide, inhibit oxidation. 

Pliolite is soluble in petroleum hydrocarbons but imsoluble in alcohol 
and acetone. Compatibility with drying oils such as linseed, tung and 
fish oils is satisfactory, and the usual plasticisers such as butyl phthalate 
and stearate, tricresyl phosphate, and chlorinated diphenyl are suitable 

if desired. 
| Tis outstanding properties include absence of taste and odour, good 
acid, alkali, water and abrasion resistance, and excellent flexibility, 
adhesion and electrical properties. 


SYNTHOTIO RUBBER 


Certain products obtained by direct chemical synthesis are described 
as synthetic rubber. A typical example is the olefine polysulphide 
compound, derived by the interaction of ethylene dichloride and a soluble 
polysulphide such as sodium tetrasulphide. ‘The synthetic rubber pro- 
duced has an empirical formula of C,ET,S,. | 

Thiokols A and F are repr esentative examples of this type of com- 
pound, 

Thiokol is similar to heavy pale crêpe rubber and needs compounding 
and vulcanising. Special processing is suggested. A compound suitable 
for vuleanising is prepared by first milling the Thiokol over tight warm 
_ rollers, Plasticisers such as diphenyl guanidine and tetramethyl! thiuram 

disulphide are then added. Broken down rubber, carbon black, zine 
oxide and stearic acid are then added in this order. 

Crano gives tho following quantities of the individual ingredients ; 57 
Thiokol A—100, smoked sheet rubber—5, zine oxide—10, channel black 
—25, stearic acid—0-5, diphenyl guanidine—0O-15, tetramethyl thiuram 
disulphide—0- ‘20. Zinc oxide is the vulcanising agent and the sheet 
rubber is present to facilitate handling. A similar mixing for Thiokol F 
involves the use of mixed plasticisers, benzthiazyl disulphide and diphenyl 
guanidine, 

. The compound prepared from Thiokol A cures in fifty to sixty minutes 
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at 40 lb. steam pressure, The Thiokol F compound cures in a similar 
time at 50 lb. steam pressure. . 

Thiokols are most satisfactory for their excellent solvent resistance 
after curing, aud in this respect grade A is superior to grade F, Thiokol A, 
after one year’s immersion in petrol, lubricating oil, fuel oil, turpentine, 
or carbon tetrachloride shows no. swelling. With benzol, 1-5 per cent 
swelling occurs. After similar immersion, Thiokol F shows I per cent 
swelling in petrol, 0-8 per cent in paraffin, 26 per cent in benzol, 1:3 per 
cent in raw linseed oil, 25 per cent in acetone, 1-3 per cent in methyl 
alcohol, 88 per cent in carbon tetrachloride. Complete destruction 
occurs with ethylene dichloride. The percentage swelling is caleu- 
lated by measuring the increase in length of a strip 14 in. by y in. by 4 in. 
long. 

In addition to solvent resistance, Thiokol F resists dilute acids and 
alkalis, although concentrated sulphuric and nitrie acids destroy it. 
Resistance to ozone is good. 

Olefine polysulphides ave sensitive to heat above 80° ©. They possess 
high specifie gravities covering the range 1-6-1-7, 

From the varnish maker’s point of view, probably the most important 
use is In impregnating compositions for fabrics. Thiokol F may be 
prepared as a solution in ethylene dichloride, or in-a mixture of this 
solvent with benzol. Vulcanisation of the treated fabric is effected by 
festooning at 125^ F. 

Other synthetic rubbers are Polythene and Polyisobutylene, but the 
reader is referred to a comprehensive recent publication for detailed 
information on these compounds. 5 
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CHAPTER 15 


CHLORINATED RUBBER 
Mechanism of Halogenation 


Fuvorie, chlorine, bromine, and iodine all react with rubber. The reac- 
tion is not a simple addition to the unsaturated bond. Each isoprene unit 
(C;H,) contains one unsaturated bond, and this should accommodate two 
chlorine atoms, The resultant product would contain 51 per cent chlorine. 
In fact, chlorinated rubber contains percentages of chlorine greatly in 
excess of this figure, and, furthermore, during the halogenation process 
hydrochloric acid is eliminated. It has been shown experimentally that 
during halogenation of rubber considerable substitution occurs in the early 
stages of the process, but that later addition becomes more pronownced.t 

Kirchof's theory for the reaction is that chlorine adds on to the wm- 
saturated bond initially, yielding a completely saturated product. This 
thon disintegrates, losing cither one or two molecules of hydrochloric acid 
for each isoprene unit, and resulting in the formation of unsaturated 
compounds again. The unsaturated compounds possess either one or 
two unsaturated bonds, depending upon whether one or two acid mole- 
mles are eliminated. Additions of chlorine then occur at these un-- 
saturated bonds.2 Heat is generated during chlorination. 

CH, CH, 


| | 
—CH,—C==CH—CH,— + Cl, + —CH,—C—C—CH,— 


| 
à à 

CH, CH, 
—CH,—C—C—CH,— -» —C --ᾱ- οἩ οπι- + HC 


| | 
Cl di C 
cH, , CH, 
| | 
—CH==C—CH—CH,— -+ Cl, > —CH—C—CH—CH,— 
| NE 
a d Cl Cl 
Reaction involving loss of one HCI molecule, 
CH, CH, 


| vro 
—GH, 6 C— CH, — +> —CH--0—OH-—CH-— -- 2HOl 


à à 


CH, CH, 
| 
OH οἩ- ο. 420, ^ — CHC —CH—CH— 
| Cl à d Cl 


Reaction involving loss of two HCl molecules, 
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Manufacture 


Chlovinated rubber may be manufactured by treating rubber in its 
many forms with chlorine. 

From Rubber Solutions -—It may be effected on solutions of rubber in 
certain solvents. Among the solventa which have been nsed are carbon 
disulphide, chloroform, carbon tetrachloride, benzene, or its homologues, 


^ ehlorobenzene, chloronaphthalene, alkyl and alkylene halides, and petro- 


leum hydrocarbons. Tè is obvious that the choice of solvent will be 
. controlled by two considerations, firstly, by its solvent power for the 
rubber modification used, and secondly, by its resistance to attack by the 
chlorinating agents. Adjustments in process have been introduced to 
enable solvents to be wsed. which normally would be attacked.? Water 
has also been used as the dispersing medium. Solutions of rubber in 
organic, solvents for chlorination are normally dilute. B.P. 390,025 
enumerates the plant necessary for chlorination of rubber, in solution, as 
follows :— 

A vessel in which the solution of rabber is made, a mechanically . 
agitated reaction vessel, recovering plant for evolved gases, and means 
for evaporation of solvent from the chlorinated rubber solution. A 
refinement includes an expansion valve for high pressure chlorination, 

Crépe rubber (25 pts.), in carbon tetrachloride (800 pts.), is chlorinated 
at ordinary temperatures. Another process involves tho chlorination of 
a 10 per cent solution of milled rubber in carbon tetrachloride. During 
the early part of chlorination the solution becomes opaque, but it clears 
again subsequently. A 4-2 per cont solution of rubber in carbon tetra- 
chloride has its viscosity reduced by irradiation. Chlorination is effected 
by passing into this solution at G0°~75°, chlorine saturated with carbon 
tetrachloride. Exposure of the rubber solution to irradiation, with 
ultra-violet or infra-red rays, may take place before or during chlorination. 
In an example, a solution of rubber in carbon tetrachloride is exposed to a 
mercury vapour lamp, and then chlorinated during continuous exposure 
for eight hours. After a furthor twenty-four hours’ exposure to the light, 
a low viscosity chlorinated rubber is obtained." 

The viscosity of rubber solution before chlorination may be reduced 
by mastication of the rubber, or by treatment with metallic salts of which 
copper oleate is suggested.? The high viscosity of a rubber solution in a 
non-aqueous solvent is reduced, before chlorination, by boiling under 
reflux.® 

Rapid halogenation is advocated to improve stability. A stream of: 
rubber solution is introduced slowly into a vessel containing sufficient 
halogenating agent to promote a speedy reaction and to take the reaction 
rapidly beyond a critical point,? Solutions of rubber and chlorine are 
reacted together in the presence of water, which abstracts the hydro- 
chloric acid formed. Sodium hypochlorite has been suggested as an . 
oxidising agent which is effective in reconverting the free hydrochloric 
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acid to chlorine. Hydrogen peroxide and hypochlorous acid are other 
oxidising agents which have been used in reactions conducted in the 
presence of water? 

From Latex.—Another form of rubber which can be used in the manu- 
facture of chlorinated rubber is latex, the dispersion of rubber in water. 
Most of the water of a latex is evaporated by heating with a solvent such 
as chloronaphthalene or chlorobenzene above 100° C., and the resultant 
solution or suspension is chlorinated αἱ 

A vigorously agitated solution of latex is chlorinated by passing 
chlorine into it until the chlorine content reaches 5-15 per cent. After 
concentrating the dispersion by filtration it is subjected to a further 
chlorination at 80° C2 The latex may be pretreated before chlorination. 
One method involves oxidation by means of air, oxygen or hydrogen 
peroxide, conducted in the presence of catalysts, including cobalt nitrate 
or linoleate, copper sulphate or oleate, manganese or nickel sulphates, or 
iron oxide. Halogenation is conducted at 40° C. until the product contains 
40-60 per cent chlorine.% 

Another method stabilises the latex by vuleanisation, or by the addi- 
tion of glucosides, sodium alkylnaphthalene sulphonates, or compounds 
derived by sulphonating phenols and hydrocarbons in the presence of 
aliphatic unsaturated acids. After this preliminary treatment chlorine 
is passed in.4 "When chlorine is passed into vulcanised latex, precipita- 
tion occurs, After separation of the precipitate it may be chlorinated 
further An aqueous suspension of finely divided rubber has been. used. 
as the starting material and is converted to chlorinated rubber (70 per 
cent chlorine) in two stages. In the first stage chlorination is allowed to 
proceed below 40° C. until the resultant product contains 30-40 per cent 
chlorine. This is ground finely, redispersed in water and treated with 
‘more chlorine until the halogen content becomes 70 per cent.16 

F'roim Solid Rubber.—Solid dry rubber has been chlorinated also. The 
action is slow but it can be facilitated, according to Ellis, by exposing the 
rubber fo chlorine during mastication!’ Continuously agitated, finely 
divided rubber is subjected to the action of chlorine in an enamelled or 
lead-lined vessel. If a continnows process is used the fine chlorinated 
rubber powder is removed by the current of chlorine.*8 

Tho use of a mixture of chlorine and carbon tetrachloride vapour has 
"been suggested, the function. of the solvent vapour being to soften’ the 
outer layers of the solid rubber to permit easier access for the chlorine.4® 
The idea of using a- solvent as a softening agent for the rubber is taken a 
step further in a process whieh consists of suspending strips of rubber in 
carbon. tetrachloride and chlorinating. Since the chlorinated rubber is 
very soluble in the carbon tetrachloride it is rapidly dissolved away, 
leaving fresh soft rubber exposed to the halogenating-agent2? 

Effect of Temperature and Pressure.—Ullis hay recorded that halogena- 
fion proceeds more readily as the temperature is increased, and that 
temperatures. near the boiling-point of the solvent are especially 
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favourable? The same worker has indicated the advantages of conduct- 
ing the reaction under pressure.” 

Other Chlorination Processes. —-Chlorination of rubber may be effected 
in the presence of agents other than the halogenating reagent. ‘Thus, 
rubber is chlorinated in solution or as a suspension in the presence of 
iodine.2® Additions of naphtha sulphonic acids or their sodium salts are 
added to rubber in carbon tetrachloride before chlorination, in another 
protected process. Rubber is heated to 2007-300? C. with a fatty acid 
soap, dissolved in carbon tetrachloride and chlorinated.» Many examples 
of chlorination in the presence of sulphur have been recorded. A solution 
of rubber containing sulphur is subjected to the action of chlorine. Ten 
grams of masticated crêpe rubber are dissolved in 200 e.c. of carbon 
tetrachloride and one gram of sulphur is added. Tre: atment with chlorine 
follows, and finally a product is obtained containing 32 por cent chlorino 
which is soluble in acetone or benzene. In the earlier stages of chlorina- 
tion gelation oceurs, but further treatment causes re-solution. Some 
processes stop halogenation at the gelation stage. Hor example, chlorine 
is passed into a solution of rubber (10 g. in 320 g. COL) containing 1-5 g. 
sulphur until a stiff gel is obtained. After washing tho pr oduct firat 
with carbon tetrachloride and then with boiling water, it is dried. The 
chlorine content is 20 per cent.?? 

The Separation of Chlorinated Rubber —After the reaction chlorinated 
rubber is obtained as a dry product by several methods. ‘The most 
obvious one is by evaporation of solvent, An agitated. solution of chlor- 
inated rubber is treated with steam. Steam and solvent vapour are 
evacuated simultaneously.28 

A solution of chlorinated rubber in carbon tetrachloride is fed bencath 
the surface of water which is maintained above the boiling-point of 
carbon tetrachloride and kept vigorously stirred. The rubber solvent 
is evaporated, and the chlorinated rubber generated in a porous, 
spongy or fibrous condition at the surface of the water. Alternatively, 7 
the solution is flowed on to the surface of hot water which is kept 
moving.*9 

Chiorinated rubber is precipitated from solution by the addition of a 
non-solvent such as methyl aleohol or mineral oil?^ A more elaborate 
method consists in squirting a chlorinated rubber solution as a stream, 
through nozzles, on to or beneath the surface of stirred methyl alcohol." 
Finely divided chlorinated rubber is obtained from a solution by dispersing 
water in the solution. Using ammonium or potassium oleate, more water 
is added until a dispersion of solution in water is obtained. The solvent 
is then removed without breaking the dispersion by ovaporation, and a 
finely divided product is obtained from the water.* 

An expanded fibrous form of chlorinated rubber is prepared. by heating 
the material under pressure which is subsequently reduced, Expansion 
is facilitated by the presence of liquids, such as ethyl alcohol or benzene, 
which are sometimes added, 
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If a solution of chlorinated rubber is heated with decolorising charcoal, 
proteins and other impurities can be satisfactorily removed.8 


Stabilisation 


It has been shown already that hydrochloric acid is eliminated during 
chlorination of rubber, and furthermore, the chlorinated product exhibits 
a tendency to split off hydrochloric acid under certain conditions. Re- 
moval of hydrochloric acid and. stabilisation are effected by a number of 
means. 

Alkali salts of prussic, stearic, palmitic, or oleic acids are added to 
chlorinated rubber solutions. Thus to a solution of 100 parts of chlor- 
inated rubber in 750 parts of carbon tetrachloride is added 1-3 parts of 
sodium stearate. After stirring at 15°-20° C, for ten hours the solvent 
is removed.** Yn another process stabilisation is accomplished by means 
of alkali substances in organic media with pH greater than 11.35 The 
stipulated pa value may be obtained as in the following example. A 
solution of crépe rubber in carbon tetrachloride (25-800 pts.) is boiled 
for six hours to remove free hydrochloric acid and 240 parts of solvent. 
Tho rubber is precipitated in methyl alcohol (560 pts.) containing 20 per 
cent methyl alcohol-potassium hydroxide (50 pts.) and the mixture is 
stirred for fifteen hours.t When hydroxides are the stabilisation agents 
they are offective at normal temperatures, but weaker alkalies require 
higher temperatures. An emulsion is made from 2000 e.c. of chlorinated 
rubber solution (18-8 per cent), 500 o.c. of water and 30 g. of ealeined 
soda. The mixture is stirred at 80° C. for six to eight hours? The 
soda may be replaced by alkaline or alkaline earth hydroxides, carbonates, 
bicarbonates or acetates.*4 

Other stabilising agents used are the ammonium or alkali bisulphites 
and. thiosulphates, pyridine, compounds containing the ethylene oxide 
group, aniline, toluidine, xylidene, urea, diphenylamine and phenylene 
diamine,3? i 

Attainment of stability is claimed by subjecting the chlorinated 
rubber to clectro-osmotic treatment at elevated temperatures, or by 
maintaining it at elevated temperatures in the absence of alkali sub- 
stances and appreciable amounts of metallic salts.39 

A long list of substances which confer stability on chlorinated rubber 
(29-80-5 per cent chlorine) to the disintegrating action of light includes 
hexamethylenetetramine, dicyclohexylamine, ditetrahydrofurfurylamine, 
methylene aminoacetonitrile, ecyclohexylamine formaldehyde, cyclo- 
hoxylaminoacetonitrile, tetramethylthiuram disulphide, diphenyl guani- 
dine and dihydroxydiphenylpropane.?? Benzoyl peroxide is described as 
a preserving agent for chlorinated rubber. t? 

Becker considers that the neutralisation of the free acid, split off from 
chlorinated rubber, by the addition of basic substances is not satisfactory. 
‘The pu of the system is altered because the basic substances are removed 
from the sphere of action, and elimination of acid proceeds more rapidly. 
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Ethylene oxide or derivatives possess the properby of absorbing the acid, 
without simultaneously causing a change in ga, and their use has been 
recommended, In illustration of the effectiveness of ethylene oxide, 
Becker points out that with chlorinated rubber after treatment with 
ethylene oxide, there were only slight signs of acid formation after heating 
for several days at 100° ©. in the presence of light, whereas the alkali 
stabilised product yielded acid after only twenty minutes’ exposure to 
these conditions.“ 


Properties 


Form and Types—Chlormated rubber is available as fine granular 
powder, fibres, or porous block. Tt is white or cream in colour, The bulk 
density varies from 50 gm. per litre for the fibrous form to 350 gm. per 
litre for the fine powder. The packing density of finely divided. chlor- 
inated rubber is increased by subjecting it to the action of vapours of 
carbon tetrachloride, trichlorethylene, or toluenc, at temperatures between 
the boiling-point of the solvent and 130°C. Finally, any oceluded vapour 
is removed by warming or air blowiug./? Proprietary brands are produced 
under the names of Alloprene, Tegofan, Tornesit, Duroprene, Herold and 
Pergut. Several grades of cach are available, and are distinguished. by the 
viscosities of the solutions they yield. The higher the chlorine content 
the lower the viscosity of the solution obtained. Other factors influence 
viscosity, however, such as the viscosity of the parent rubber. 

Solutions of chlorinated rubber are usually a vory pale straw colour 
aud not absolutely clear. A clarity test has been devised which consists in 
measuring the amount of light transmitted through the solution by photo- 
electric means. The solid particles in suspension cause absorption of light. 

Chlorine Content.—Products with low chlorine contents are unstable. 
The soft product containing 40 per cent chlorine ( Sro iel ) splits off 

‘hydrochloric acid readily. When the chlorine content is increased to 54 
per cent, the product is distinctly harder, and has improved stability. 
Commercially available products contain about 65 per cent of chlorine, 
approximating to the formula C,)H,,Cl,, and have maximum. hardness 
and stability. 

Solubility —Vhey are soluble in a wide range of solvents, including 
aromatic and chlorinated hydrocarbons, carbon disulphide, acetates, 
ethers, methyl ethyl ketone, mesityl oxide, Cellosolve, p-cymene, and 
Tetralin. Some blended. solvents ave also effective. Examplos are tur- 

 pentine 70 per cent, with solvent naphtha 30 per cent; acetone 70 per 
‘cent with hexane 30 per cent, and acetone 97 per cent with mineral spirits 
3 per cent. Aromatic hydrocarbons are popular solvents for chlorinated 
rubber by reason of their cheapness and effectiveness. Krumbhaar bas 
emphasised this as a disadvantage of the material, i that such strong 
solvents cause the lifting of undercoats during brush application. Non- 
solvents are water, aliphatic hydrocarbons, turpentine, mineral oils, ethyl 
alcohol and alcohols generally, glycerol and Decalin. 
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TYPICAL GRADES OF CHLORINATED RUBBER 


Grade. Viscosity (noises at 
5° C. for 40 g. in 
100 e.c. toluene). 


Alloprene B : ` . . . 0 1-5 
» . . . : . ‘ 5-12 
^ D . . : . . . 13-35 
» E - . . . . . 35-100 
Grade, Viscosity (poises at 


20° C, for 20 % 
toluene soln.). 


Porgut N . . . . . . , 0785-08 

» H. . ` . . 0.5 0485-1-0 

» ΠΠ . . . . . :-, 58-16 
Grade. Viscosity (potses at 


205 C. for 20 95 
toluene soln.). 


Tornesit 1 . 204 . . . 03 
» 2 . . . . . . 13 
" 3 . < . . . . $0 


Plasticisers.—Simplo solutions of chlorinated rubber yield films which 
have a tendency to brittleness and lack adhesion, Plasticisers and/or 
resins are, therefore, necessary additions. As the viscosity of solutions 
increases, the flexibility of the resultant films increases simultaneously. 

Plasticisera include chlorinated diphenyls, chlorinated naphthalene, 
Cerechlor, T oil, Desavin, Softener N, Plastomoll SW, tricresyl, tritolyl, 
tributyl, triphenyl and tri-isobutyl phosphates, Cetamoll QU, Palatinols 
C, BB, HS, L and O, linseed, blown linseed, boiled linseed, perilla, soya 
bean, fish, oiticica, olive, tung, thermolysed tung and castor oils, dibutyl, 
dimethyl, diethyl, methyl cyclohexyl, benzyl butyl, and Cellosolve phtha- 
lates; Santicisors B. 16 and M. 17, Hereolyn, triethyl citrate, adipates, 
camphor, butyl, amyl and methyl cyclohexyl stearates ; amyl and methyl! 
Cellosolve oleates ; butyl myristates, Vulkanol B; butyl phthalyl butyl, 
methyl phthalyl ethyl, and ethyl phthaly! ethyl glycollates ; the formal of 
phenoxy or cresoxy-ethanol and the acetal of phenoxy-ethanol, and butyl 
phenoxyacetate,”4 

Compatibility —Compatibility with resins and othor-varnish ingredients 
is good, Chlorinated rubber blends with some alkyds, some phenol 
formaldehyde resins, some acrylic resins, coumarone and indene resins, 
vinyl resins, T.C. and A.W. 2 resins, rosin and oxidised rosin, ester gum, 
natural gum copals, elemi, damar, oxidised rubber, tars and bitumens. 
Compatibility is usually poor with alcohol soluble substances. 

Stability —The first grades of this product which appeared on the 
market possessed certain defects, among which was instability. By modi- 
fications in method of manufacture much of this has been eliminated. 

At temperatures of the order of 150° C. chlorinated rubber begins to 
char and disintegrate. Continuous heating at 100° ©. for 400 hours 
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produces a loss in weight of 5 per cent.° Reduction of chlorine content 
to the extent of 0-25 per cent occurs after heating at 100° ©, for seventy- 
two hours, and the chlorine lost is chiefly in the combined form as hydro- | 
chloric acid.“ 

Decomposition does not assume serious proportions util 135° C. is 
reached. The chief decomposition product is hydrochloric acid, although 
pigments have an influence on type of decomposition product formed. 
Thos lead chromate promotes the formation of chlorine. With zinc 
chromate, however, chlorine is not evolved.1” 

The temperature of decomposition is determined, according to 
Redfarn, by noting the temperature at which a precipitate is formed, 
when an inert gas such as nitrogen is passed over the heated substance and 
into silver nitrate solution./? Another method of ascertaining stability is 
due to Rosenthal and Schultze, and consists in immersing a tube contain- 
ing a solution of chlorinated rubber in xylol, in an oil bath at 100" C. A 
strip of Congo test paper is suspended over the surface of the solution, and 
the time required for the paper to turn blue over a specified. area is taken 
as a measure of stability. 

In paints, stabilisers such as the oxides of zine, magnesium and 
barium can be introduced to absorb free hydrochloric seid. The substitu- 
tion of part of the normal pigment by sulphur is also clainied to give 
improved stability.5° 

Exposure to ultra-violet light of clear lacquers induces brittlencss, but 
this ean be minimised by the introduction of pigment. Ultra-violet light 
also causes opacity of the film to develop, but additions of benzoyl per- 
oxide are claimed to prevent this." 

Solvent Resistance.—Chlorinated rubber in its normal condition rosists 
the solvent action of petrol or alcohol. Solvent resistance can be in- 
creased, by the addition of a number of complex organic compounds. 
Thus the chlorinated rubber is heated with piperidine pentamethylene 
and dimethylamine dimethyl-dithiocarbamates, the diphenyl guanidine 
salt of dimethyl amino-dimethyl dithiocarbamic acid, oxidation products 
of dithiocarbonates, thinram mono and disulphides, tetra methy! thiuram 
monosulphides, thiocarhanilide, di-o-toly] thiourea; mercaptobenzothiazole, 
with diphenylguanidine and dinitrochlorobenzene if desired. Accelerators 
may be present also, and these include the oxides of zinc, calcium, lead 
and magnesium. Insolubilising agents which may be added direct to 
solutions of chlorinated rubber are piperidine, methylamine, tetra- 
methylene-diamine, urea, thiourea, dithiocarbamic acid, thiuram sulphide, 
mercaptothiazole, carbanilide or guanidine, or their salts and substitu- 
tion products.» 

Solvent Retention.—Chlorinated rubber films demonstrate a distinct 
tendency to retain solvent, and for air-drying compositions it has been... 
suggested that the solvents used are restricted to those with boiling ranges 
no higher than that of xylol53 Because of the tendency to solvent 
retention, Peters has suggested that no tests should be conducted on 
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films until at least seven days have elapsed after application! Blom 
has shown that retention of solvent causes marked variations in the 
tensile strength of a film, A film from a solution of chlorinated rubber in 
xylol was still plastic after drying forty hours at 35° C., amd showed zero 
tensile strength. After subjecting it to more stringent drying conditions, 
ie. twenty-four hours at 50° C., a high value for tensile strength was 
obtained. Solvent retention also causes increased water absorption. 

Chemical Resistance——Resistance to the action of a wide range of 
chemicals is outstanding. Suitably prepared films resist solutions of 
caustic soda (5-50 per cent}, caustic potash, washing soda, ammonia, 
ammonium nitrate (50 per cent), trisodium phosphate, and other alkaline 
salts, solutions of sulphuric (5-70 per cent), nitric (10 per cent), hydro- 
chloric (10 per cent), hydrofluoric, phosphoric (85 per cent), acid salts, and 
organic acids such as lactic acid (5-80 per cent); bleach solutions; and 
gases such as chlorine, fluorine, ammonia, sulphur dioxide, hydrogen 
sulphide, nitric oxide and ozone. 

Porvsity.— Porosity can be eliminated by making additions of resins 
and plasticisers. A mixture of phenol formaldehyde resin and tritolyl 
phosphate has been claimed to be effective. Other phosphoric esters, and 
natural, vinyl and cyclohexanone resins have been suggested to reduco 
porosity also.95 A permeability test devisod by Blom, involves coating 
an iron rod with the chlorinated rubber composition, and immersing it in 
a 4 per cont slightly acidic solution of copper sulphate. In about four 
hours spots of copper appear at every pore. Alternatively, clear varnishes 
may be applied to a pieco of glass, and. after drying for twenty-four h ours 
it is immersed in water. Enlargement of the pores occurs and they 
become visible?" 

Iuflammability.—Like moat chlorinated organic compounds, chlor- 
inated rubber has excellent combustion resisting properties. Its decom- 
position temperature has been included already. On heating, chlorinated . 
tubber does not glow or burst into flames. The vapours evolved during the 
disintegration, consequent upon heating, contain substantial amounts of 
hydvochlorie acid, and this serves to extinguish any flames in the vicinity. 
By reason of the solvent retention of chlorinated rubber, the uso of chlor- 
inated hydrocarbons like chloroform and carbon tetrachloride in non- 
inflammable finishes is, therefore, distinctly advantageous. 

Electrical Properties —Unplasticised films have the high dielectric 
strength of 2300 volts per mil, a value which is substantially maintained. 
even under moist conditions. Plasticisation causes a reduction in this 
figure. A film containing 20 per cent of dibutyl phthalate has a dielectric 
strength at 25° C. of 1000 volts per mil. 

Non-penetration.—Chlorinated rubher films show little tendency to 
penetrate porous surfaces such as wood, paper or fabrics. Since they 
remain chiefly at the surface the gloss produced is good. 

Hardness —The films obtained are very hard, exhibiting good scratch 
and abrasion resistance. They may be used as rubbing finishes, 
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Effect on Dry.—The incorporation of chlorinated rubber into oleo- 
resinous varnishes causes an appreciable improvement in the speed of 
dry. In fact, some have suggested a blend of linseed oil and chlorinated 
rubber as being a satisfactory substitute for tung oil, under certain condi- 
tions. 

There are two methods of incorporating the chlorinated rubber into 
varnishes. It may be dissolved in the hot oil-resin mix, but great care 
is essential to accomplish this satisfactorily. The temperature should 
not be so high as to cause decomposition, and should not be allowed to 
exceed 100° C. Furthermore, the rubber should be added slowly with 
constant stirring. Alternatively, it may be added as a solution to the 
finished varnish, in which case the solvent of the varnish should be a 
solvent for the chlorinated rubber also. Of the two methods the latter 
is generally considered to be preferable. 

Shlorinated rubber is claimed also to effectively increase tho speed of 
drying of alkyds, in addition to improving their hardness. 

Cobwebbing —For reasons already mentioned, the use of volatile 
solvents with chlorinated rubber is advocated, and this accentuates the 
marked tendency of this material to cobweb, whether applied by brush 
or spray. One way of reducing cobwebbing is to replace’ part of the low 
boiling aromatic solvent by Tetralin and dipentene. If oxidised rubber is 
added to chlorinated rubber in substantial quantities, cobwebbing is 
eliminated. Addition of sulphurised oils is stated to facilitate application 
of chlorinated rubber paiuts.59 Coolahan suggests that for spraying, 
chlorinated rubber paints should have a viscosity of 0-4 poises and. contain 
12-14 per cent solids.5? 

Tensile Strength—This property varies considerably with the viscosity 
of the solution given by the chlorinated rubber and with the type and 
amount of plasticiser. Baxter has recorded that low viscosity products 
have correspondingly low tensile strengths, although over a wide range of 
higher viscosity rabbers the tensile strengths were higher but practically 
constant. ‘Two oxamples may be quoted to illustrate how even slight 
over-plasticisation results in substantial reduction in film strength. With 
21 por cent dibutyl phthalate the tensile strength is 6000~7000 Ib. per 
sq. in., but when increased slightly to 23 per cent, the tensile strength is 
reduced to the surprisingly low figure of 1600 Ib. per sq. in.®? Allopreno 
plasticised with similar amounts of Cerechlor, trieresyl phosphate, and 
dibutyl phthalate gave tensile strengths of 4500, 3700 and 3300 lb. 
per sq. in. respectively, Pigment content ia also critical from the 
point of view of tensile strength, and Wolff and Zeidler suggest 40-50 
per cent, 

Thermoplasticity——Chlorinated rubber becomes plastic on heating 
above 80° C., and because of thia property its direct application has been 
suggested. It has also been utilised in moulding compositions. 

Water Resistance —Moisture permeability of chlorinated rubber is low. 
A one per cent loss of chlorine occurred when chlorinated rubber. was 


478 


Chlorinated Rubber 


heated at 977 C. in the presence of water. Decomposition i is substantial ly 
greater on heating in the presence of water than in its abseuce.4® A 
temperature of 65° C, is stated to be critical for chlorinated rubber in 
contact with water." 

Preparation of Films —A surface is first coated with a material based 
on glue, gelatin, or sodium silicate. A solution of chlorinated rubber is 
then applied and the solvent evaporated. The resultant film has no 
affinity for the first coating material and can be stripped off. This can 
be facilitated by dissolving out the first coating with water.® 


Uses 


Because of the versatility of chlorinated rubber, carefully formulated 
compositions containing it are used in many industries. 

Chemical Resistant Finishes —It is encountered most frequently in 
this type of finish. It is obvious that plasticisers and pigments which 
may be used should have a chemical resistance comparable with that of 
the chlorinated rubber. Improved resistance to acids, alkalies and salts 
is obtained if the chlorinated rubber composition is plasticised with 
sulphur derivatives of toluene or xylene produced in the presence of 
aluminium chloride." Chlorinated rubber paints and varnishes, because 
of alkali resistance, are suitable for uso on concrete, cement, cement- 
asbestos boards, stucco, brick and plaster, in laundries and on domestic 
washing machines. For this latter purpose the protective film must be 
resistant to boiling soap solution and the active oxygen from sodium per- 
borate, A formula satisfying these conditions consists of chlorinated 
rubber, plasticiser Albertalate 1246B and certain pigments, according to 
the finish desired. With new concrete work it is claimed that chlor- 
inated rubber products may be applied without waiting for the concrete 
to ago. 

A composition derived. from chlorinated rubber and linseed. or tung 
oil, with other plasticisers and pigments, is used to provide a coating after 
stoving, resistant to corrosive liquids and war gases."6 | 

A thermoplastic acid resisting luting or jointing compound contains 
chlorinated rubber (65 per cent chlorine), chlorinated paraffin wax (45-52 
per cent chlorine) and chlorinated naphthalenes. Small amounts of acid 
neutralising agents such as lime or chalk may be added, as well as asbestos 
filler.9? 

A similar composition for which good chemical resistance is claimed 
is produced from chlorinated rubber and chlorinated paraffin wax (30 per 
cent chlorine) in a suitable solvent. The proportion of wax to rubber 

arios from 8 to 28 parts for 20 parts of rubber.*8 

A varnish resistant to acid and alkali comprises, chlorinated rubber, 
oxidised drying oil, with xylol, turpentine and Tetralin as thinner.9?? An 
acid and alkali resisting lacquer is made by adding linseed, tung, rapesecd 
or corn oil, to a. chlorinated rubber solution and vulcanising the oil by 
means of sulphur or sulphur chloride."? 
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Another chemical resistant coating involves chlorinated rubber 40 
parts, toluol and xylol 60 parts each, butylated diphenyl 12 parts, and 
titanium dioxide 20 parts," 

Chemically resistant chlorinated rubber finishes may be utilised in 
coating the inside of swimming pools and water tanks to resist the action 
of chlorine, the inside of chemical tanks generally, tunnels, structural 
metal work embedded in concrete to prevent attack by the alkali, plant 
in Gas, Salt, Acid and Alkali works, electroplating equipment, bloaching 
plant, dyehouse plant, alumininm spinning spools to resist acids and 
dipping solutions, interior of ice factories to resist ammonia, interior of 
slaughter houses to resist fatty acids and brine for pickling, interior of 
accumulator factories and electrical storage rooms to resist acid and other 
vapours, interior of vinegar works to resist acid vapours, interior of 
breweries to resist ammonia and gases from fermentation, interior of 
pulp and paper mills to resist acids, alkalies, bleach solutions and chlorine 
gas, interior of galvanising works to resist acid vapours from pickling 
vats, the interior of food pickling factories to resist acid vapours and salt 
solutions; and on tank waggons for corrosive liquids. 

Anti-corrosive Finishes for Iron and Steel.—Chlorinated rubber products 
΄ 810 sometimes used in anti-corrosive finishes for protecting iron and steel 
work against corrosion, due to the influence of air, moisture, and sea- 
water. In this respect, Strauss emphasises the importance of using 
chlorinated rubbers which ave neutral. The presence of free hydrochloric 
acid causes an immediate attack of the metal surface, and in paints may 
react with pigments forming water soluble chlorides which stimulate 
rusting.?? 

When iron pipes, which are to be placed underground, have to be 
protected against corrosion, it is suggested that they receive a preliminary 
treatment with phosphoric acid. The etched gurface obtained not only 
provides improved corrosion resistance, but also a satisfactory key for 
the snbsequent application of the chlorinated rubber paint. 

A blend of chlorinated rubber, resin and plasticiser is stated to be 
an excellent anti-corrosive coating for stecl, The common bituminous 
coatings which are used for this purposo give better results after the 
inclusion of some chlorinated rubber.” 

A primer for metals resistant to sea-water contains substantially 
chlorinated rubber 20 parts, chlorinated diphenyl 3 parts, benzyl naphtha- 
lene 2 parts, white lead 12 parts, micaceous iron ore 10 parts, and solvent 
52 parts." 

| Lacquers and Media for Other. Motals.—Protectivo lacquers for many 
metals are formulated on chlorinated rubber. Excellent protection is 
afforded to aluminium,” for example. 

‘A pigmented lacquer is made from. chlorinated rubber, pigments, and 
an unsaponifiable plasticiser selected from chlorinated naplthalencs and 
diphenyls, aralkylated naphthalenes, compounds resulting from the re- 
action, of sulphur with benzene homologues in the presence of aluminium 
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chloride, and coumarone resins. In addition to these plasticisers mineral 
oils may be presenb."* 

Chlorinated rubber lacquers or paints, for duralumin and electron metal, 
contain ester gam, an ordinary plasticiser and/or drying or non-drying oils. 
The solvents are the aromatic hydrocarbons, benzene, toluene or xylene, 
or blends with cyclohexanone and ethyl or butyl acetates. Pigments are 
chosen from aluminium powder, zine oxide, titanium dioxide and iron 
oxides; fillers from china clay, talo, ground shale, and quartz dust.?? 

A lacquer for light metals is plasticised with phosphates, phthalates, 
olive or eastor oil."9 A paint for light metal aeroplane wings as given by 
Strauss (loc. cit.) contains chlorinated rubber 200 parts, toluol 300 parts, 
xylol 300 parts, tricresyl phosphate 30 parts, tributyl phosphate 20 parts, 
and oxide of iron 100 parts. 

A process for treating light metals consists of a first coating of a 
polyvinyl carboxylic ester composition followed by a chlorinated rabber 
laequer.?9 

Chlorinated rubber finishes adhere well to anodically oxidised metals. 

Fireproof l'inishes.—These are utilised on aeroplanes, ships, wood, 
fabrics and electric cables. The fire-resisting propertics of chlorinated 
rubber are putto best advantage when used with fire-resisting plasticisers 
such as. chlorinated diphenyls and phosphates. 

A typical composition consists of chlorinated rubber 20 parts, rubber 
100 parts, chlorinated diphenyl (59 per cent chlorine) 80 parts, sulphur 
3-2 parts, accelerator 3 parts, anti-perishing agent l:5 parts, kieselguhr 
80 parts, and zine oxide 15 parts.8¢ A non-inflammable lacquer for im- ` 
pregnating textiles is chlorinated rubber solution containing cellulose and 
phosphoric esters,8t Some finishes rely upon the presence of pigments to 
assist in conferring fire resistance. Thus a substantial amount of anti- 
mony oxide is incorporated in a chlorinated rubber solution in toluene, 
` plasticised. with stand, oil, and containing, in addition, white lead and 
bone black. 

A mixture of chlorinated rubber 1 part, and chlorinated paraffin (40-50 
per cent chlorine) 3-10 parts, in which is worked chalk and cork or wood 
dust, with plasticisers if desired, is used as & non-inflammable floor 
covering. *? 

Leather Finishes-—A. leather finish with good adhesion is pr oduced 
from a solution of chlorinated rubber in xylol, plasticised with tricresyl 
phosphate or dibutyl phthalate and synthetic resin, 

Emulsions sometimes provide satisfactory dressings for leather, and 
the following is an oxample. An emulsion is made from water, casein, 
borax and ammonia, with chlorinated rubber, linseed oil and drier. 

‘Paper and. Fabric Finishes—The waterproofing and non-penetrating 
properties of chlorinated rubber are exploited in finishes for these materials. 

l'abrie is made waterproof by impregnation with a composition com- 
prising chlorinated rubber, ordinary rubber, shellac and plasticiser.®* 

A special coated paper employs a blend of chlorinated rubber 40-50 - 
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per cent, with paracoumarone and a glyceryl abictate to the oxtent of 

25-38 per cent, plasticiser 15-21 per cent and paraffin wax 2-7 per cont. 

A similar composition for porous surfaces is derived from high viscosity 

chlorinated rubber, plasticiser, resin, paraffin wax and a volatile solvent. 

The resin is either damar or alkyd resin. Another impregnating solution 

for paper contains, in addition to chlorinated rubber, tricresy] phosphate 
and coumarone resin dissolved im naphtha.** 

Chlorinated rubber acts as a surface tension increasing agent in a size 
for paper and fabric, based on polyvinyl resin,®8 

A dispersion of chlorinated rubber 10 parts, tricresyl phosphate 1 part, 
and nigrosine to colour, in water 20 parts, is used to provide a flexible 
coating for paper or fabric.®® 

Anti-Fouling Painis—The good sea-water resistance of chlorinated 
rubber has suggested its use in anti-fouling paints for ships and buoys, 
This material also prevents marine growth, a property which may be 
coupled with that of more potent poisons, of which diphenyl arsine is an 
example.” 

Other Uses-—The use of chlorinated rubber in moulding compositions 
has been referred to already. A solution of rubber in carbon tetra-. 
chloride is mixed with water. It is then chlorinated by stirring in a 
chlorine solution in carbon tetrachloride. Wood flour, titanium pigment, 
and spirit blue are added and the whole evaporated, powdored and dried. 
The dry powder is used for moulding, 

A shock resistant coating is based. on chlorinated rubber and powdered 
carborundum.® Hard abrasion resisting traffic paints utilise chlorinated 
rubber, 

Chlorinated rubber is resistant to the formation of moulds or mildew, 
anid is thus used in preservative finishes for coating-glue, gelatin or photo- 
graphic plants. 

Great improvements in properties are obtained when chlorinated 
rubber or rubber hydrochloride is added to road tars.” 

High viseosity chlorinated rubber is used to provide flexible, non- 
inflammable, water and chemical resistant coatings with good electrical 
properties for cables.' 

Solutions of chlorinated rubber have been used as media for metallic 
paints or for luminous paints, incorporating calcium sulphide.” 

By: reason of its insolnbility in alcohol and petrol, chlorinated rubber 
is found in finishes to resist these solvents. 


FLUORINATED RUBBER 


Very little information is available about this halogenated rubber. 
It may be prepared, however, by passing fluorine into a solution of rubber 
in carbon tetrachloride. Or rubber may be treated directly with tuorine, 
with care, to avoid combustion. The reaction is controlled. by conducting 


it below 0° C., and by diluting the fluorine with up to ten times its c own 
volume of air, carbon dioxide or nitrogen.” 
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RUBBER HYDROCHLORIDE 


“When hydrochloric acid reacts with rubber, one acid molecule adds 
on for cach isoprene unit. 

The reaction may he conducted by saturating a chloroform solution 
of rubber with hydrochloric acid, and‘allowing the reactants to remain in 
contact for twelve hours. A similar method consists in passing the acid 
gas into a 6 per cent solution of rubber in benzene at 10° C. for six hours. 
The whole is allowed to stand for twenty hours. The rubber hydro- 
chloride is obtained either by removing the solvent or by precipitation 
with alcohol. Τὸ is a soft elastic substance decomposing on heating at 

° ©., but is claimed to possess useful film-forraing properties.°? Vul- 
canised rubber hydrochlorides have been reported. 

Oximes have been suggested as suitable ageing inhibitors, and the use 
of two, methyl ethyl ketoxime and heptaldoxime, has been protected."? 

Compositions have been made from rubber hydrochloride and ester 


gum, shellac or coumarone. Sulphur is incorporated in addition, i 
desired, 9? 
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TEMPERATURES—CENTIGRADE TO FAHRENHEIT 
CONVERSION TABLE 


Centigrade. — Fahrenheit. Centigrade, Fahrenheit. 
°C. °F, 50. °F, 
0 32-0 175 847-0 
5 . 410 -> 180 3809-0 
10 50-0 186 365-0 
18 59-0 190 374-0 
20 68-0 195 383-0 
25 77-0 200 392-0 
30 86-0 205 4010 
35 95-0 210 410-0 
40 1040 215 419-0 
45 113-0 220 , 428.0 
πο, 122-0 225 437-0- 
55 1310 , 230 446-0 
60 140-0 238 455-0 
65 1490 340 464-0 
70 158-0 245 473-0 
75 167-0 250 482-0 
80 176-0 255 491-0 
85 185-0 260 500-0 
90 194-0 265 509-0 
95 203-0 270 518-0 
100 212-0 275 . 820 
105 |. 2210 280 536-0 
110 230-0 285 - 545-0 
118 239-0 290 554-0 
120 248.0 295 563-0 
125 257-0 300 572-0 
130 266-0 305 : 5800 
135 275-0 310. 590-0 
140 284-0 315 599-0 
145 293-0 320 608-0 
180 302-0 325 617-0 
155 311-0 330 626-0 
160 320-0 335 635-0 
165 329-0 340 644.0 
170 338-0 345 ' 0653-0 
350 662-0 
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ATOMIC WEIGHTS 
Element, Symbol. Atomig C 
Actinium, ' . . Ac (227) a 
Alabamine . . . Ab (221) 
Aluminium . . . AI 26-07 
Antimony, stibium . ` Sb 121-76 
Argon. . . . A 39-044 
Arsenie . . . . As 74-98 
Barium . . Ba 137-36 
Beryllium, gluc inum . Be 9-03 
Bismuth . . . . Bi 209-00 
Boron . . . . B 10:82 
Bromine . . . . Br 79:916 
Gauclmium . . . Cd 119.41 
Caleium . . . . Ca 40-08 
Carbon . . . . ο 12-00 
ορ. . . . Co 14013 : 
Ceshun . . . . Cs 132.81 
Jhlorine . . . . Cl 35-457 
Chromium . . . Cr 52-01 
Cobalt + . . Co 58-9. 
Jolumbium, niabimn, . Cb 03-30 
Coppor . M . b 357 
Dysprosiun . . . Dy 163-46 
Brbiumn . . . - Er 167-64, 
Europium , |. . . Eu 152-00 
Fluorine . , . . F 19:00 
Gnudolinium — , . . Gd 157-30 
Gallium . . . . Ga 69.73 
CGermaniam . . B Ge 12.60 
Gold, aurum... . . Au 197.20 
Hafnium, celtium . . T 178-60 
Helium , . . . To 4-002 
Holmium εν. ; ‘Ho 163-50 
Ἠγάνομοι . . , Hu 1:0078 
Dliniun . . . : m (146) 
Indum . . . . Tu 114.81 
Todine  . , . . I 136-92 
Iridium . . . . Tr 193-10 
Iron, forum , . - Fo = 55-84 
Krypton . . . , Kr 83-70 
Tanbhanium . . . La 138.02 
Load, plumbum EN Pb 207-22 
Lithium . . - - Li 6-940 
Latecium . a . Lu .. 17500 
Magnesium . . : Mg 24-32 
Manganeso . a . Mn 54:03 
Masuri ium . ép Ma 
Moreury, hydrargyr um . Hg 200-61 
Molybdenum . . Mo 96-00 
Neodymium =. . . Nd 144.27 
"Neon . . . . No 20-183 
Nickel. . . . Ni 58-69 
Nitrogon . . . . N 14-008 


*J. Amor. Chem, Soe., March, 1925, Fob. 1933. 
T 11476 reported by Baxtor and Altor, ibid., 55, 1943, 1933. 
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ATOMIC WEICHTS—Continued 





Symbol. 











Element. Moe 
Osmium . Os 190-80 
Oxygen Ό 16-000 
Palladium Pd 106-70 
Phosphorus P 31-02 
Platinum. Pt 195-23 
Polonium Po (210) 
Potassium, kalium K 39:10 
Praseodymium Pr 140-92 
Protonctinium . Pu 
Radium . Ra 225-07 
Radon, niton Rn 222-0 
Rhenium Ro 186-31 
Rhodium. Rt 102-91 
Rubidium Rb 85-44 
Ruthonium Ru 101-70 
Samarium Sm, Sa 180-43 
Scandium Se 45:10 
Selenium So 79:20 
Silicon . Bi 28-06 
Silver, argentum Ag 107-880 
Sodium, natrium Na 22-907 
Strontiwn Sr 87-03 
Sulphur S 32-06 
Tantalum Ta 181-40 
Tellurium Te 127-50 
Terbium . Tb 159.20 
Thallium Ti 204-39 
Thorium . Th 232-12 
Thalinm . Tm 160-40 
Tin, stannum Sn. 118.10: 
"Titanium. . . Ti 4790 
Tungsten, wolframium WwW 184.00 
Uranium U 238-14 
Vanadium V 50-95 
Virginium Vi (224) 
Xenon Xe 131-30 
Ytterbium Yb 178.50 
Yttrium . Y 88-92 
Zine Zu 65-38 
Ziveonium Zr 01.22 





tJ. Amer. Chem, Soc., March 1925, Feb. 1933, 
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Varnish Constituents 


SYNTHETIC RESINS—THEIR TRADE NAMES AND SUPPLIERS 


Tran NAMI 


Aeryloid 
Albortol 
Alprokyd 
Alvar . 
&saborlas 
Amberol 
Arvachem 
Arochlor 
Avofene ^ 
Arr 
A.W. 2 
Bakelite 
Bockacito 
Bockamine 
Tieckolin. 
Beckopol 
Beckosol 
Bodacryl 
Bodesol . 
Beotle . 





Clophen A. 


Crayvallac (6, B. ). 


Crestanol 
Crostuvin 
Crestin 
Distrine 


Dow Corning (D. C. ") 


Duraplex 
Dureeol 
Durez . 
Epok 
Erinite 


Ms. 
Falkote 
T'eatalack 
Trebol . 
Glyeophene . 
Glyeolac 
Glycopal 
Glycodiene 
Ghyptolac . 
Hercolyn 
KM, . 
Krambbaar . 
Lewisol 
Molmac 
Mowilith 

' Nevillac 
Neville 
Nevillite . 
Nevindene . 
.Nuba. ., 
Paradene  . 


au 


nup 
=- 


BurPrnmm 


Resinouws Products and Chemical Co, 
LOT. Li. 

LOT Ltd. 

Shawinigan Products Corp. 

TBogincoag, Peodnaka auh Guynicad Oo. 
Rosinous Products and Chomical Co. 
Stroock and Wittenberg Corp. 
Monsanto Chemical Co. 

Strooek and Wittenberg Corp. 
Stroock and Wittenberg Corp. 

J. M. Stoolo. 

Bakeltte Lüd. 


Roichold Chemicals Yne.* 
Beek Kollor & Co, Ltd.* 
J. Boadel & Co. Ltd. 


I.C.T. Ltd. 


Bastor Trading Corp, 

American Cyanamice and Chemical Corp. 
J. M. Steels. 

Cray Valloy Products. 


Svott Bader & Co. Ltd. 


British Reg Ltd. 

Dow Corning Corp. 

Resinious Products and Chemical Co. 
Titablssements Kuhlmann. 

‘Durez Plastics and Chemicals Inc. 
British Rosin Products Ltd. 

A. Boake Roberts Co, Ltd. 

Erinoid Ltd, 


Falk & Co, 


Teatly Producta Lüd. 
Fredk Boehin Ltd. 


Biablissoments Kuhlmann. 


ray Valloy Produets Lid. 
Hercules Powder Co. 

J. M. Steele & Co. 

Krambhaar Corp. 

Wercules Powder Co. : 
Amprienu Cyanmmid and Chomical Corp. 
Advance Solvents and. Chomieal Co. 


The Nevillo Co. 


568 


Paradura 
Paralac 
Paranol 
Parapen 
Paraplox 
Potrex 
Phenac 
Phenester 
Resovyl 
Rezyl. 
R.H.C. 
RI. 
Synolac 
Teglac 
‘Texyn . 
Utformite 
Varemum 
Velsicol 
Vinylite 
Wresin 
Zikol 
Zinar 
Zinol 
Zivox . 
λύτο 


Synthetic Resins 


Paramet Chomical Corp. 
T.C.1. Ltd. 


} Paramot Chemical Corp. 


Resinous Products and Chemjeal Co. 
Hercules Powder Co. 

American Cyanamid and Chemical Corp. 
The Neville Co. : 
Etablissements Kihimann, 

American Cyanamid and Chemical Corp, 


- R. E Cole & Co. Ltd, 


Rubber Industries Ltd, 
Cray Valley Products Ltd. 
American Cyanamid aud Chami "n. 
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— — alkkyds in . . . 173 
e= πο — bitumens in. . . 432 
ehlorinated diphenyls in 248 
copal estor in . 155 
— — coumarons resins i . 212 
— — ostor gum in . 149 
— — imelamino resin in 222 
— — oxidised rubber in | 404 
— — phenolie resins in . » 186 
— polyuerylie resing in... . 242 
— polystyrouo resins in 227 
— — ghellae in. . . 135 
— — vinylresing in — . . 288-236 
— — waxes in . - 448 
Tranolin . . . . . 433 
Tron soaps . . . . . 387 
Tsano oil < . . 4.6 
Tsomorised rubber, see Rubbor 
J 
Japon wax , . . n . 449 
Juglans mansehurica oil . 61 
X : 
Kapok oil . . . . . 601 
Kauri, sce Natural resins 
Kauri butanol tost o . . 267 


2 


Subject Index 












Ketouos, constants 327-329, 347-348 | Mastie uses . ` . 138 
KM rosins, properties — , . . D98 | Mastication, see Congo 


Krumbhaay resins . 527, 532, 539, 547 | Matb finishes . . 392, 446 


Matting agonts . . 392, 448 
Melamine resins. . 92 
L —- — chemical resistance . . 9283 
— — compatibility . . 222 
Lactates, constants .> . $429,348 Ll electrical properties ` ` 228 
Laovulinates, constants . . 2248] — ica resistance | . . 222 
Lallemantia oil , . ,. Απ], resistant finishes  . . 223 
Lanuette wax ᾿ . . . AMS | LL LL plasticisers . . . . 222 
LO αχ . : : : ! MB —- — properties . . . . 222 
Lanolin . . ` . 439 “77 solubility c . 223 
Latox, see Rubber — — solvent resistunt finishos . 933 
Laurates, constants . . . 348| staving finishes . . . 22 
Lead linoleate . . . . 884 Melmi ormasa ting ' ` . 222 
— resinate . . . . : 885 | nac ream . . . . 528 
— soaps : : 384 Menhaden oil . A . . 61 
Leather pr imer, latex in . . 456 Metal fillor r, rabb ` . £64 
Lowisol resina, properties . 492, 530 | usi me 3 e or in . . 460 
Light bitumens . . . . 415 “9 T bibumens in. He 
Vs, Porologum resin P . ` ` ΣΣ — — eoumarone resins in. . 99 
Ling liver oil. : : . ἱ 61] -- ester gum m . . ^ 149 
Lins seed oil, sce Oils com phonolio resin in . . - 192 
Liquefied rabber, see Rubber να, mo. ` ` ΓΙ 
Lithargo, tinsood oil reaction. . ᾽ 200 — — absorption of drier . . 383 
Lumbang oil . . . ; τ aluminium soaps ` . 980 
Luminous paints— ΝΒ Z enlm a Ἢ : : : 300 
— —- polyacrylic resins in. . 9421. n — soups 390 
-- ou soap . . . - ὃς 
ο Εμ soaps 88 
— — chromium soaps . . 390 
— — cobalt compounds, inorganic. 362 
— — — linoleate. . . 886 
M -= — — Kaps : . . 386 
. — — combinations of driers . . 379 
Magnosium soaps . . . . 391| — — eondition of a drier . . 957 
Maize oil . . . . . 681|— — copper soaps : . . 891 
Maleic anhydride . . . . 66|— — dehydration . . 871, 375 
—— resina . . 197 |— — driers from castor oj] 376 
— — Diels and Alder synthosis . 197|— — drying charactoristica of "metals 28) 
—— incorporation in oils . . 204| — — offect on rubber solutions . 457 
— — properties and uses . . 203|— — oxcess driers . . . 98 
— — reaction bebween maleic an- — — factors influencing dry . . 377 
hydride and terpenes . 199; — — fluxes . . . . 312 
— — reaction between maleic an- — — fused driers . . . 368 
hydride and unsaturated — — — linoleates . . . 365 
oils . ; 204|— — — naphthenates . . . 307 
— — resinous products ‘from maloio — — — oleates . . . . 965 
anhydride reactions . 200-203 | — — — resinaiios . . . 866 
— rosin-maleie auhydrido resins, 201| — — — tungates . . . 365 
— — solubility . . . 203| — — history of driexs . . . $58 
‘Manganese compounds, inorganic . 462| — — impurities . . . . 316 
— linoleate . . ` . .386|— — inalkyda . . 172 
-— sonps . . 386| — — influence of acid radical on 
Manila, see Natural rosins soap properties . 804, 382 
Manjak - . . . . 415|— — influence of motal . 379 
Mastic . . . ’ . . 138| — — introduction of driers and 
— properties . . . . 138 , metallic Soaps . . . 970 
— solubility . . . . 1388| — — ironsoaps . . . . 881 
— BOurcO  . . . . . 1381 — — lead linoleate . . . 884 
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Varnish Constituents 


Metallic soaps (con£.)— 





— — — naphthenate . 384 
o —— pesinabo . . 385 
-— = o— SOUpR - . 984 
— — limod rosin , . . . 366 
—- -— majpnosium soaps .í5 981 
— —- mangunose compounds, in- oo 

organic . 962 
— — mangnnoso linoleato . 386 
η a . 386 
~~ — mechanism of drying . 459 
—- — mowe contents od — - wi 
— — naphthenic acid 367 
— — optimum amounts of dri 1918 381 
— — other drying compounds . 8377 
— -— — fused motallie soaps 369 
-— -— pale driers 26: 
—- —— precipitated driers 371 et seq. 


propertios of driers and met. 
allio soaps 
reaction between lithengeo and 


379 


linsced oil _ + 860 
— =— reactions involved in drior 

preparation . . 859 
— -— Silver soups . . 401 
— -— solutions of driers : . 376 
—— — stabilisers. . + 378, 374 
— — uses . . 301 
— -- — unti- fouling agents . . $93 
— — — chalking inhibitors . . 893 
— —- — emulsifying agents . 303 
— — — matting agonts . . 392 
— — —- non-settling agents . . 992 
-- -- — other uses . . 393 
— — — penetration inhibitors . 392 
— — -— roi-proofing agents - . 892 
— — — waterproofing agents 391 
--- --- — weiting agents. . 392 
— — vanadium soaps . 387 
—  — zinc linoleate ; . 388 
— — = soaps, . . 388 
— — zirconium soaps . ioi 
Moethaerylie resins, sce Polyacrylic 

resins 

Methy! aleohol - . . 278, 802 
Mothylene chloride ` 308 
Methyl othy! ketono . 902 
Mineral jelly . . 498 
Molecular distillation of oils 33 
Molten rubber, see Rubber 
Monkoy facu tree oil 61 
Monoglycorides . . . το 
— constanis of  . . . 83.84 


— emulsitying agonte 
— in allcyds 


— in reactions with acidic resins 8l 
— plasticisors for manila and s shellae 8l 
— proparation . . 79 
— renetion with copals - . . 8l 
Montan wax . 440 
. Mowilith resina, proper bies . 665 
MS. 2 rosin, properties . . 629 
Mulberry seed oil . . ` 61 





N 


Naphtha, see Coal-tar naphtha 


Naphthenie acid . 367 
Natural resing— 
--- --- Amber - 96 
--- — -—— eomposition . 96 
— — — affect of beating 96 
— — — production . 96 
— — = properties and usos . 97 
-= -—- ——- HOUDCO 96 
— = Bepa oo 
— — Congo. . 865 
— — -— aeikdity- roduetion during 
runuing . . , 89 
== — -—— HO 92 
-- — — chomistry of running pro- 
CONS . 88 
-—- — —— pomposition 86 
— — — copals and monoglycorides 890 
— — -- cracking. 91 
— — — Inglish and "Continental 
running 89 
= — — fumos . 88 
-= —— =~ grados . . . 85 
— — -—— hardness 86 
— -— — hydrogenation . 91 
— — — Liebermann Storch tost 92 
— — — mastication . . 90 
-= — — modification of natural 
rosins . . ` 91 
— — —- production . 85 
— — ~ proporties . ᾿ 93 
— — -- running . 86 
— — — running of, lossos 88 
— — — smoll . . . 92 
--- --- — solubility . . . 92 
— — — solution in oils . . 90 
— — — source. . . 85 
-— — .— tosting 91 
— --- —— uses . 92 
— — Damar, composition. US 
— -— —- dewaxing 98 
— — — proporties 99 
-— — — purification . . 98 
== = — solubility . . . 98 
— —— —- ΒΟΙΙΤΟΟ and graces 97 
— -- — tosting 98 
— —— — Usos 99 
— — Kanuri. 93 
— — Manile 94 
— — Othor copuls . 95 
— — Rosin. . 101 
chomically activated . 110 
chemical treatment . . 105 
— — — chornistry of abiotie acid . 106 
--- --- --- collection of olevrosin 101 
— — — composition. . . 100 
— -= — constants «14 
— — -— orystalliantion . 108 
— — -—— dehydrogenatod 118 
— — — hardening with. phenolic 
resin . . : . 183. 
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Natural resins (coni.)— 
— — hydrogenated . . 
othor modifications . 


Subject Index 


Oils (cont.)-— 
. 111|— cottonseed 


110, 113 | — cramp fish 


— — oxidised . 112| — corn salad 
— polymoriaed. . 110|-— dehydrated castor 
— production . . 101 — — dehydration . 
— properties . 107 -- -- properties and uses . 
— —- refinement 104, 105 — — stand 

solvent extraction 108, 104 dolphin body 

source . 101 . 


ΕΕΤΤ ΤΕΙ ΕΤΙ 
| | 
ΓΣ 


— stimulation of exudation . 102] — ο οῖροννν seed ` 

— testing . 109 | — essang 

— treatment of oleoresin . 102] — fennel 

— uses . 113| — fenugreek 

— wood. rosin . 103| — firseod - 

— Biorra Leono . 95|— fish. . . ᾿ . 
Nevillac resins, properties . 620| — — composition . . 
Neville resins, properties. 520, 521| — -— production . . 
Novillite resins, properties 519, 520 |-— — properties and uses 
Nevindene resins, properties . §20|—- — source . 
Nicotiana rustica oil . 061|— Garcia Nutans . 

Nigerseed oil . 41,61| — garden rockot 
Non- drying oils, sce Oils —  grapeseed 
Nuba rosins, properties 521, 522 | -— Haeo 
Nylon resins . . 250| — haddock livor 

: — hamemalis 

— hempseod. 
ο — henbane 
— herring 

Odour . 270|— hipberry 
Oils— — hisporis matronalis seed 
— abrasin 16 | — ismo 
— almond 60| — isomerised 
— amoore . 60| — juglans manschurien . 
— apricot kernel . 60| — kapok 
— arachis 860 | — lallemantia 
— argomone. . . 60|—- ling liver . . . 
— Bagillumbang . 44, 60 | — linseed . . . . 
— basswood . 60|— — boiled 
— beechnut . 60|— — raw . . . . 
-— hen 80 | — — refined . . . 
— blown or thickonod linseed. . 14|— — source . 
—- bonito  . . 44, 60| — — substitutes . 
— Brazil nut . 60|— luffa seed 
—- buffalo gourd seod 60 | — lumbang . 
— cacahuananche 44 | — maize 
— camelino . 60| — menhaden 
— candlenut 60| — monkey face tree 
— cansancao tree nut 44|— mu. 
— castanha do cotia 60 | — mulberry seed 
-~ castor . 60 | — nicotiana rustica ` 
— chemically trontod . 16 | — nigerseed. . . . 
— chia . . . 46, 60|—— oiticica . . 
— Constants— — — properties and. uses 
— — acid value 60-62 | .— — source and composition, 
— — iodino value . 60-62 | — olive : 
— — refractive index . : 60-62 | — onguckoa seed . 
— — saponification value 60-62 | — orange seed. 
— — specific gravity 60-62 | —— palm . . . 
— clover (white) 60] — poppy  - . . , 
— — (red) . 60| — porpoiso body . . 
— coconut . . . 60|— psoralea drupacea 
—- eod liver . ᾿ . . 80 | — pumpkin seed . - 
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60 
. 60 
45, 60 
29, 60 
. 80 
32 
32 
60 
. 45 
4b, 60 
60 
60 
61 
61 
27 
27 
27 
28 


23, 61 


23 
61 
6l 


62 
62 
62 
62 


Varnish Constituents 
Oils (cont.)— 





perila . . . 21, 

—- properties. . 

-—- ource . . . . 

poppysoed n , . . 

po-yok . . . 48, 

rag wood sood : . 

rapo . ` . - 

ravison . : 

road thistle sood 

rubber seed . . 

sniflowor , > . 49, 

sandal seed . . 50, 

sardino . . . 

seal B . 

sosaind . 

soya bean a 25, 

— -— proporties and uses. 

— -— soreo and composition 

stand 

-— accoleratod polyn: Lorigntion : 

-— ueidiby . . . . 

— colour. . . . 

— doneidifieation ` . 

— distillation . 

— offect of high fr oqueney our- 
rent . ‘ . . 

— effoob of prossure . . . 

— improved 

~=— polymerisation control . ‘ 

stand, polymorisation termpora- 
turos . . 4, 

— preparation . . 

— properties and uses 

—— retardants . 

— uolvent oxtraction - 

«= special, plants . 

— turbidity . . . - 

— typo of pot. Method of 
heating . . . 

--- uniformity . . 

stillingia < . 

stinging nettle — . . 

sunflower . . 

synthotie drying 

ton. . ` 

tobacco seod —. . 

tomato seed  . 

Trionol . . . 

tung - . 

r= blown . : 

--- composition . ^ 

— heat treatment a 

— liquefaction of gols 

— propertics , 

— sOLITCE . . . 

— stand . . : 18, 

-— storage . ` . ` 

—~ substitution. . 

*tunny . . 

Vernonia ‘Antholmintica, . . 

vuleanised or gulphurised . . 

walnut . . . , . 


01 
22 
3ἱ 
48 
62 
49 
62 
09 
49 
62 
62 
69 
6t 

2 
02 
62 
26 


m 


A 


50 
50 
50 
33 
09 
51 
πι 
62 
16 
21 
17 





20 
17 
16 
91 
18 
53 
62 
59 
15 
52 


Oils (cont.)— 








— whale . . . 

— whoab . . . . 

— wild rose sood . . . 
OU varuish resins, see Natur ali resins 
Oiticien oil, «eo Oils 

Oleutos, constants . . . 
Olive. ᾿ . 

Orange sood oil . 
Ouricuri wax . . . 


Ouraparde wax 


Oxalatos, constants : : 331, 


Oxulie acid 
Oxidised rosin, see Rosin 
— rubber, see Rubber 


-— turpontino . . . . 

Ozokorito . . ` . 

Ozonisation of oils . . A 
p 

Paint removers . . . 

Pulm oil . . . . 


Palnitatos, constants 


Paper, groaseproof composition for. 
Paraffin . . 
— waxes 


Paradone rosins, propertios . 
Paradara resins, proporties . 530, 
Paraluc resins, properties 489, 490, 


Paranolresins, proportics 523, 524, 
Parapen resins . . . . 
Paraplex rosins ο, . . . 


Poat wax . 
LToraeety lated rubbor, sec e Rubber 
Porilla oil, sec Oils 


Porgut . . ` n . , 
Petrox . . . - 66, 516, 
Petrol . . . ^ . . 
Petroleum bitumons . . 

-—- other . ^ . 

-— hydrocarbons . . . . 
Phenae resin . . 58L 


Phenoster resin, proportios . 
Phenolic resins, propertion, see also 
Individual types 





Phenolresin I. 63, propertios i 

—- — R. 65, proportics . ` 

-— — R, 66, proporties , . p 

—- formaldohyde resins. . . 

-— uleoholsolublo — . : . 

— — -— modified . . . 
— -— — — incorporation with 

ulkyds . < . 

— — — — incorporation in dry- 

ing oils. . . 

-— —- — —- medifying ngonis — 187, 

— o — yroporbies . . 


— — — — reaction, botween phen- 
olie rosin and rosin . 
—— — — uses. . - . 
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448 
62 
350 
456 
286 
436 
521 
552 
491, 
56; 
544, 


476 
517 
2860 
414 
286 
275 

532 


522 


559 
550 
559 
179 
186 
187 


191 
189 
189 
191 


189 
192 


Phenol resin, alcohol, unmodified . 179 
— — — — classification . 180 
— — — — composition . 181 
= — — — condensing agents . 179 
—— — — —  conslitution . 178 
— — — — general reaction be- 
tween aldehydes and 
phenols . . 118 
— — — — hardening of rosin and 
ester eum 183 
— — — — heat hardening 182, 186 
— — — — incorporation with 
drying oils 182 
— — — — insulating varnish 186 
—- —- — — properties . 184 


— — — — ratio of constituents . 180 
— — — — reactivity with drying 

oils . 183 
— — — — reactivity of phenols 179 
-------- thermosetting . . 186 
— — — — uses . . 180 
Phosphates, constants . 853 
Phthalates, constants 360-353 
Phthalic anhydride . 66 
Pino oils . 296 
Pitch, see Bitumen. 
Plastor paints, latex in . 455 
Plasticisers . 333 
— boiling rauge 333 
— catalytic action 338 
— chemical resistance 336 
— compatibility 333 
— constants 340 
— incorporation . 338 
— non-inflammabiliby 337 
— odour 337 
— petrol resistanco 336 
— properties a: 340 
— solvent powor 334 
— stability . 335 
—- toxicity 337 
— uses 339 
— water rosistance 336 
— for chlorinated. rubber απο 
—- — coumarone resin . 210 
— — damar 99 
— — manila . 94 
— — melamine rosins 222 
— — oxidised rubbor 462 
— -—- phenolie resins 187 
~— — Pliolite resin . . 406 
— — polyacrylic resins . . 243 
— for polystyrene resins 227 
— — shollac 131 
— — wea formaldehyde resin 219 
— — vinyl rosins . 233 
Tliolite resin . 466 
— compatibility . 406 
— —- plasticisera for — . 466 
— —- Rolubility 466 
PMS. resin, 556 
Potyacrylie and polymothaerylie 

resins αι 238 


Subject Index 


Polyacrylic and — polymothaerylic 
resins, catalysts 238 
— — — — chemical resistance 242 
— — — — compatibility 243 
— — — — factors influencing resin 
formation 238 
— — — — insulating propertics 242 
— — — — luminous paints . 242 
— — — — manufacture 289 
— — —- —- rmech&ünism of polymer- 
isation 238 
— — — — modified acrylic resins. 240 
— — — — plasticisers . 243 
— — — — polymerisation inhib- 
itors » 240 
— — — — properties and uses 241 
— -—— — — solubility . - » 243 
—— — — — solvent rosistance 242 
— — — — stoving finishes - 244 
— — — — water resistance 242 
Polyamide resins 250 
Polymerised oils, see Oils 
Polymerised rosin, see Rosin 
Polymerised turpentine - 295 
Polystyrene resins - 223 
— — catalysts 224 
— — chemical resistant finishes 228 
— — effect of solvent on resin 
formation 225 
— — effect of temperature of forma- 
tion on resin properties 92€ 


factors influencing speed of 
€ 


polymerisation . 223 
— — insulating properties 227 
— — luminous paint media . 228 
— — modified resins . 226 
— — plasticisers . . 227 
— — polymerisation inhibiting 

agents . 225 
— — polymerisation mechanism . 93i 
— — progress of reaction . . 320 
— — properties and uses . 227 
— — solubility . . . . 227 
— — uses . . . . 227 
Poppyseed oil . . 45, , 2 
Porpoise body oil . . . 62 
Po-yok oil . 48, 62 
Precipitatod driers . 971 
Printing inks— 
— — molten rubber in . . 458 
— — oxidised rubber in . 464 
— — phenolic resins in . 192 
— — waxesin . . 448 
Propionates, constants 331, 332 
Protective coatings, easily remov- 

able . ` . . 466 
Psoralea drupacea oil 62 
Pumpkin seed oil 62 
R 

R.F.C, resins, proporties. 553, 554, 560 
Rafaelite . . . 414 
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Varnish Constituents 





Ragweed seed oil . . . 49] Rubber (cont.)— 
Rapo oil . . : . . 62 — latox, cleatrodoposition . 455 
HKavison oil . . . » 62) — — in alkali rosistant composi- 
Reclaimed rubber, see Rubber: tions . 465 
Rod. accroides, seo Accroides — -— in backing composition for 
Resinaiios, see Individual eompounds rugs . . . 456 
Rosilin 2 and QA, properties . . 830 | — — in ean sealorg . . 456 
Rosius, see Individual types — — in firoprooting compositions . 465 
Resins frora rubber . . . 485|- -- in groasoproof paper com- 
‘Resin LA, propertics . . 529 posibion . . . . 456 
Resin R. 8, properties . . 529| — — in leather primors 456 
Resin 801, ‘proporties . . © 553 |— — in protectiva coatings easily 
Resinous oil X. 1, proportioa 523 romovublo . . - 456 
Rosovyl resina, proportios . 665) — — in road-murking paints . 465 
Rozyl resin, propertioa — . 501-506) — — in solvent rosisting composi- 
R.I. 8026 rosin, proportion ᾿ . 522 ions 456 
-- 8027 rosin, properties ` 522|-— — 5 proofing compositions 
--- 8098 resin, propertios . . 522 for juto nnd textiles . . 455 
--- $029 resin, proporties 522| -- — in wood fillers —. : . 450 
Tücinoloates, constants . . 354| — — properties . . . . 404. 
Road thistle seed oil 40|-— -— usen . . . . . 455 
Rosin, sec Natural rosins -— liquefied . . . 408 
— oil . . . . . . 109| — mochanicol trontmont: . 47, 458 
—- pitch . . . : . 410| — molten. ` 2), 458 
— spirit . . . . . 2097| — — drying proportios . 468 
Rot-proofing agents . . . 292| — — durability . . . . 458 
Rubber-— =- — in printing inkd . . 408 
-— enoutehouo . ` . 450|-— -— proporties . . . . 408 
— chemical constitution . 454. | -— oxicdised— 
— collection and treatment . . 453|-— — chemical resistance . 402 
— erépe— — —- oleetrienl propertios » 464, 
—— adhesion  . . . - 468| — — goneralcompatibiity . . 462 
— ~— antioxidants for . . . 457)-- — heat resistance . . 462 
— — chemienl resistanco . . 458| — — in adhesives for dise gr indors. 464 
— —- vobwebbing . . . 458| — — in aluminium media . 464 
— — compatibility . . . 458| — — in anti-corrosive finishos 404 
— — in anti-corrogive compositions 459)-— — in brake lining media . . 464 
-— — in sutomobile dragsinga. - 460) — — in chemical resistant finishes. 464 
— — in cap seal tape adhesive . 460|-— — in heat resistant finishes . 464 
— — in eellulose undorooatings — . 459|— — in motal fillers. . . 464 
— -— in ehlorino rosisting coatings . 460]-——- — in printing inks . . 464 
-—— -— incorporation in oils and var» — -—- in solvent resistant finishes . i64 
nishos . . . . 450 | — — in water resistant finishes 404. 
— — in painta, distompons und --- --- manufacture . . 461 
' varnishes . 458| — — plnastieisers .. . . 409 
— -- in primer for metal foil . . 460|.— — polymorisation . . . 4602 
— —- In waterproof compositions . 460|— — propertios 461, 403 
— — proportios . . . 466 | — solvents . . - » 462 
— — solutions of . . 456 | — — vulesnisation . . 402 
— — sponge rubber moulds, intorior ~= == Water resistance 462, 464 
compositions for . . 400| — poracotylatod . . . . 465 
— -~ viscosity reduction . . 457|—— raw . . . 489, 450 
— — water resistance . . . 400) — reclaimed. . . . . 4854 
— hydrochloride . . ` . 488 SOurQe — . . . 483 
— hydrogenated . . . . 4605 Rubber, synthetic (Thiokol) . 466 
—— —— UBOB S. . . . 485| — vuleanisod. . . . 460 
— jsomerised . : . . 464|— — in paint modin . . . 461 
~~ — chemical resistance . . 4665|— —- proportios . . e . 460 
— — hoat resivtance . . . 405| Rubbor resins . . : » 465 
— — properties . 464| Rubber seed oil. . 62 
— -- solubility and compatibility . 464 | Rubbor solutions, seg O rope rubber 
— latox . . ` . 454) Rubbone ᾿ . 401,403 
— — coagulation of 455 | Rugs, backing composition lor . 456 
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Soaps, see Metallic m— 


S 
Sadki asphaltum . 419 
Safflower oil . . 49, 69 
Salicylates, constants . 54 
Sandal seed oil 50, 02 
Sandarac 137 
— composition . 137 
— solubility . 188 
— source . 137 
— usos . 198 
S.B.P. Spirits . 287 
Surdine oil 62 
Seal oil. 62 
Sealers for cans, lotox i in, 456 
Sebacates 354 
Seedlac, see Shellac 
Seekay wax . 443 
Sesamé oi . . 62 
Shellac 120 
— amount of bleach liquor required 125 
— analysis and testing. 126 
— — — — bleachability 129 
— — — — colour 126 
— — — — dotection 130 
— — == — orpiment 129 
— -— — rosin 126 
— — -—— — solubility 128 
$477 DT coc water 129 
^— blenehod . 121 
— — acidity 133 
— —— doteriorntion 133 
— button lac 121 
-— composition of 124 
— dewaxed . 121 
— garnet lac . 121 
— hard lao resin . 123 
— machine made shellacs, . 124 
— modifications’ of . , . 194 
— production . . . 120,122 
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data and tests for the various yellow, blue, green, red and black 
pigments, for organic toners, and Jake colours, far. Linseed Oils, China 
Wood Oil, and other oils, for Turpentine, White Spirit, etc. ` 
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Whiting, Gypsum or ‘Terra Alba, Ultramarine, Fetrocyanide Blue, 
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Varnish Manufacture and Plant 
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Conrenrs: ‘The physical, mechanical, and chemical properties of plant 
materials, the design of condensers, heat exchangers, pumps, valves, 
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phenolic and U.F. resins, treated vegetable oils, metallic driers and 
soaps, eto. 
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The ever increasing demand for our Synthetic Resins, Synthetic 
Drying Oils and Fine Colours has inspired the necessity for the 
formation of a fully equipped Raw Materials Division. Manu- 
facturers can now obtain not only Raw Materials of tested and 
approved qyality but also, whenever required, technical advice which 
which willÉnsure that such materials are used to the best advantage. 
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